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FOREWORD

The objective of Work Unit MARKSMAN is to identify metheds of improving
merksmanship training. This report describes work accomplished during Phase 1, which
was concerned primarily with basic rifle marksmanship.

The research is being conducted at Fort Benning, Georgia as a joint effort of ti,¢
U.S. Army Infantry School und the Human Resources Research Organization (HumRRO)
Division No. 4, Military support and coordination for the researcir is being provided by
the U.S. Army Infantry Human Research Unit.

Dr. T.O. Jacobs is Director of HumRRO Division No. 4. Dr. James W, De.- wax
Work Unit Leader of MARKSMAN. Other HumRRO personnel engaged in the rescarch
were two associates, Mr. George J. Magner and Mr. Michael R. McCluskey, and a
developmental engineer, Mr. Lyman K. Harris.

The following U.S. Army Infantry Human Research Unit personnel participate 1
Jdirectly in the research: 1LT Marvin J. Pesek, SFC Lucien T. Brewer, SFC Herbert G.
Thompson, SP5 John H. Hu“bard, SP5 David D. Myer, SP5 Kevin 4. O'Reilly, SP5 Allen
R. Searles, SP5 David R. Sennett, and SP4 Rirhard G. Winslow.

Appreciation is expressed to Major General Juhn M. Wrizht and Lieutenant General
{then Major General) George 1. Forsythe, former Commandants of the U.S. Army
Infantry E€chool, to the present Commandant, Major General Orwin C. Talbott, and
Assistant Coimnmandant, Brigadier General Sidney B. Berry for their considerab’e interest
and assislance.

Directors of the Weapons Departident. US. Army Infantry School. during the
conduct of the research have been CCL Joel M. Hollis, COL John T. Car.ey, and COL
Jack L. Conn. The systems analyses of weapons training wer2 conducted under the
direction of LTC Freddie R. Wenck., LTC Barney K. Neal served as Chief of the Ruie
Marksmanship Evaluation Study Group (RMESG) during its first year of operation, and
was succeeded by the present Chief, MAJ Robert V. Faulkender. Deputy Chief of
NMESG during the early stages of research was MAJ Clifton R. Franks; MAJ Peter
Sharber is currently serving as Depuly. Project Officers for the individual experiments
were MAJ William E. Smith 1II, CPT Gerry A. Harr, CPT Robert L. Newkirk, CPT
Ronald 8. Popp, CPT Henry D. Robertson, CPT Ronal? E. Saxtor, CPT Michael P,
Shaver, CPT St. Elmo P. Tyner il and CPT Preutis D. Wilson.

HumRRO research for the Department of the Army is conducted under Contract

DAHC 19-70-C-0012. Training, Motivation, and Leadership Research is conducted under
Army Project 2Q06210A712.

Meredith P. Crawford
President
Human Resources Research Orpanization
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PROBLEM

Commanding offlicers in Vietnam, and gatherings such as the Training Centers
Conference held at Fort Benning in 1968 have expressed a strong belief that individual
rifle marksmanship is not as good as it could and should be. Furthermore, no combyre-
hensive, systematic study of Army ritle marksmanship has been conducted since the Work
Unit TRAINFIRE studies conducted by HumRRQ in 1954,

The rifle used by infantrymen in Vietnam is considerably different from the weapon
{ML1) used in the TRAINFIRE studies. Compared to the M1 and also the M1, the M1G
rifle is lighter in weight and uses a lighter projectile with a higher muzzle velocity, giving
it a relatively flat trajectory. In addition, the weapon has an automatic capability and
comparatively little recoil. The effect of these changes in the weapon must be evaluated.
More importantly, however, the original TRAINFIRE studies were concermed with the
utility of the general training technigues, not directed toward the determination of what
marksmanship skills should be taught. Phase 1 of Project MARKSMAN is concrrned
primarily with basic rifle marksmanship. Although concerned with both "how' to teach
and “what” to teach, the mejor emphasis of MARKSMAN was on “what” should be
taught.

METHOD

A total of 21 experiments dealing with varied aspects of rifle marksmanship are
described in summary fashion in this report and are revorted individualiy in the appen-
dices. The experiments were planned and administered through cooperation among three
different agencies: The Human Resources Research Organization (HumRRO), the US,
Army Infantry Human Research Unit (USAIHRU) collocated with HumRRO Divison No.
4, and the Rifle Marksmanship Zvaluution Study Group {RMESG) of the MWeapons
Department of the U.S. Army Infantry School at Fort Benning, Georgia. In general,
HumRRO had the technical responsibility for the project; the USATHRU provided
personnel and expertise in direct support of HumRRO: and the RMESG had overall
administrative responsibility for the experiments and for the implementation of the
results into training changes.

RESULTS

The results of the experiments conducted in Phase 1 of the MARKSMAN research
are summarized in the following paragraphs,

{1) Mode of Fire. Semiautomatic fire is superior to automatic fire against sinyle,
multiple, and area targets under conditions of illumination which allow the use of the
M16A1 sight. Where the conditions of illumination are insufficient to allow the use of
the MIBA1L sight, the automatic mode {thre~-round burst) is superior to the semiauto-
malic mode. These factors have not been studied for moving or aerial targets.

{2) Firing Technigne and Sight. {a) Aimed fire is generally better than poinling
fire, whether t. night or in the daytime. The Quick-Fire technique is included as a
method of pointing fire. (b) A special sight providing a luminescent front sight post and
a rear aperture in excess of five millimeters in diameter is required for accurate, low
illumination level firing. (¢) The sanie large rear-aperture sight can be used for aimed fire
against close range targels requiring a quick reaction.
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(3) Firing Position. (a) Defensive positions (foxhole and bunker) are superior to
offensive positions in both speed on target and accuracy. (b) Among the offensive
positions, kneeling supported and kneeling are the best overall for specd and accuracy
combined. (¢) In the prone position, support is quite important in the daytime, but its
addition makes no appreciable difference at night.

(4) Carry Position. The results are inconclusive, but there is an indication of a

possible speed advantage to a imodification of the British alert position as compared to
the underarm carry. The British alert position is a tiring position, and could anly be used
wnenl there was potential, inmmediate enemy threat.

(5) Aiming Points. Aiming at the center of the target at distances out to 300
meters is equal in accuracy to the present adjusted aiming point system for the M16 rifle,
and is simpler to teach.

(6) Sight Calibration. The prezeroing of sights, using a collimator and a thiee-
-round correction group is equal to the personal zero established by the individual
shooting the weapon and offers the potential of simple training, facilitates simple
battlefield and armory checks without firing the weapon, and allows a reduction of the
training ammunition expenditure for zeroing,

(7} Pupil-Coach. The pupil-coach system does not have any impact upon perform-
ance. Therefore, this time could be used to Letter advantage.

(8) BB Gun and Tape for Night Firing. Night practice with the BB gun did not
improve performance in night record fire. Also, when tape was placed along the barrel of
the BB gun, night practice with the BB gun had a detrimental effect on night record fire.

(9) Wearing of Equipment During Marksmanship Training. The wearing of the
helmet and web gear had no appreciable effect upon record fire scores 1. Basic Rifie
Marksmanship. The wearing of this equipment was originally recommended by the
TRAINFIRE studies in order to increase battlefield fidelity. Whethter the wearing of this
equipment actually increases battlefield fidelity is not readily testable.

(10) Position of Quick Fire in Training. The sequence of Quick Fire in Basic Rifle
Marksmanship (early or late) had no impact upon BRM record scores. However, those
individuals who had Quick-Fire training late in BRM did perform better when tested on
their Quick-Fire skills than did those individuals who had the Quick-Fire training ecarly in
BRM. This could have been caused either by the recency of the training, or by some
more important training factor. In any event, there are no disadvantages to having Quick
Fire late in the BRM proygram, and there may be an advantage.

(11) Evaluation of Training, Changes in Night Firing. It was determined that a
4'2-hour night firing prograin outlined in the text was superior to the present 7-hour
prograni.

(12) Use of Competitive Marksmen as Assistant Instructors. The present range
training format deces not allow sufficient time or freedom for an increase in the qualit:
or the quantity of assistant instructors to improve marksmanship scores.

(13) Daylight Training for Night Firing. Subjects trained on night firing techniques
in the daytime performed considerably better on their night record fire than did subjects
trained on the same techniques for the same length of time at night.

"



CONCLUSIONS AND IMPLICATIONS

(1) The semiautomatic mode of fire should be emphasized.

(2) A night sight with a luminescent front sight post and a large-aperiure rear sight
would be valuable not only for night firing but also against close range targets requiring a
quick response. The large-ap-~rture rear sight could be combined with a small-aperture,
peep sight in a “flip type’” arrangement,

(3) The kneeling supported and kneeling position should be emphasized in training
where their use would pot bring undue exposure to the infantryman. In the prone
position, support should be used whenever possible in the daytime.

(4) Aimed fire is superior to pointing fire in all cases, but a special sight is
required to accommodate both the low illumination level condition and the close range,
quick response target.

(5) The use of special *‘alert” carry positions should be studied further.

(6) A center of target aiming point system is equal to the adjusted aiming point
system in performance and would be easier to teach.

(7} A prezeroing of sights would simplify training, reduce training ammunition
requirements by six rounds per man, and allow a simple, economical, and fast method of
checking the sights of a weapon on the battlefield or in the armory without firing a
round.

(8) The pupil-coach system could be eliminaied without any loss in marksmanship
performance, and the time spent on other training.

(9) The BB gun does not offer any advantage for night firing training at night.

(10) The wearing of the helmet and web gear during marksmanship training is of
questionable value, but is not detrimental to training.

(11) If Quick Fire as a separately taught skill is continued, there may be an
advantage to teaching it late in the Basic Rifle Marksmanship program.,

(12) A 4%-hour night firing program outlined in the text is superior to the present
T-hour program.

(13) If an increase in the quantity or guality of the assistant instructors is contem-
plated as a means of improving the quality of the training, the range training format
should be changed to allow .he individual assistant instructors more time and freedom.

(14) Students should be taught and should practice night firing techniques in the
daytime prior ‘o night practice and record fire.

(15) The Quick-Fire technique was demonstrated to he inferior to aimed fire
generally at and beyond a target distance of about 25 meters. Quick Fire was superior to
aimed fire using the M16A1 sight only at target distances of about 10 meters and less. If
a large-aperature rear sight is provided for targets within 50 meters, aimed fire is equal or
superior to Quick Fire at every distance within that limit.

The Quick-Fire techiique appears not to he the optimal solution, but the
Quick-Fire situation requires a solution. Suddenly appearing targets requiting a quick
response are a legitimate arca of concern. A refinement of Quick Fire to accommodate
these research findings would emphasize aimed fire with the precision of the aim, and
therefore the time required, decreasing with decreasing targel distance. At the extremely
close ranges (within 10 meters) aiming might consist of looking down the harrel of the
weapon,

The value of the training techniques used in Quick Fire have yet to be
demonstrated. Such techninques as BB gun practice against discs thrown in the air should
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be studied. Those aspects of Quick Firz that have superior training merit should be
maintained in a new Quick-Fire program.

‘The possible adoption of a night sight muxt be considered in any redesign of
training for the Quick-Fire situation. If a large-aperture rcar sight, primarily for night use,
is available for daytime use within 50 meters, the techniques and training for the
Quick-Fire situation will be very different from those which would otherwise be used.
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E

PROBLEM

Commanding officers in Vietnam, and groups such as the Training Centers Confer-
ence held at Forl Benning in 1968. have indicated a strong belief that individual rifle
marksmanship is not as good as it could and should be. To the individual foot soldier, his
marksmanskip ability is not only the key skill for his job but his principal means of
survival i * the struggle against a similarly equipped enemy.

in ite of the overwhelming advantages of good training, probabilities in warfare
assure that a few of even the best-trained men will be killed. For example, in a sudden
engagement, the man who fires wildly will generally miss the targe! and be shot by an
opponent who takes the time to align his weapon with the target. However, an cccasional
wild shot wiil hit the target, and the man who takes the time to make his shot count will
be hit.

In such a situation, no skill level, regardless of how high, will ever be deemed
sufficient, and no amount or quality of marksmanship training will ever be free of
criticism. While complaint about rifle marksmanship is inevitable in war, it is the
impression of many senior Army officers that the volume of complaint about the
marksmanship of the American soldier in the Vietnam conflict exceeds what would
normally be expected.

Furthermore, no comprehensive, systematic study of Army rifle marksmanship has
been conducted since the TRAINFIRE studies by HumRRO in 1954. For a number of
reasons, it is time for such a review. The rifle used by infantrymen in Vietnam is
considerably different from the weapon (the M1) studied by HumRRO researchers under
Work Unit TRAINFIRE in 1954.' Compared to the M1 and also the later M14, the M16
rifle is lighter weight, and uses a lighter projectile with a higher muzzle velocity, which
gives it a relatively flat trajectory. In addition, the weapon has an automatic capability
and comparatively little recoil. The effects—on marksmanship, tactics, and potentially on
training—of these changes in the weapon need to be evaluated.

More importantly, however, the original Work Unit TRAINFIRE ctudies were
directed primarily st {he practicability of alternate methods of marksmanship training. As
such, the major thrust of TRAINFiRE was in “how™ the training should be conducted
and the gencral format determined by these sludies is assumed to be correct. MARKS-
MAN rescarch, ¢n the other hand, is primarily concerned with ‘“what” should be taught,
although in Phase 1 it also addresces the **how’ of training.

Phase 1 is also directed primarily at Basic Rifle Marksmanship training. Advanced
Rifle Marksmanship will be covered in Phase 2.

METHOD
The first phase of the MARKSMAN research was in the form of a series of
experiments planned and conducled cooperatively by HumtRO and military personnel

and agencies. This section of the report describes the gereral administrative and technical
procedures used in setling up and conducting the experiments. The detailed methodology

"Howar: H. McFann, John A. Hammes, and Joha E. Taylor, TRAINFIRE I A New Course in
Basie Rifle Marksmanship, HumRRO Technica) Reporl 22, Oclober 1955.
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is described in appendices which cover the procedure and results for the individual
experiments.

The series as originally planned included 32 experiments. Results from 21 experi-
ments are reported in this volume. Two experiments have not yet been performed
because the necessary equipment has not been available. Two others served as early-stage
advance runs for the revised Basic Rifle Marksmanship program and are not reported
here. The remaining siv experiments in the original list were essentially exploratory
studies that were not designed to yield reportable results but laid the groundwork for
subsequent experimentation.

COOPERATING AGENCIES

A Work Unit Leader and one additional full-time scientist were provided by
HumRRO, along with a part-time engineer needed for the construction of experimental
equipment. The U.S. Army Infantry Human Rescarch Unit (USAIHRU), collocated with
HumRRO Division No. 4, provided personnel for direct assistance to the Division. The
level of this assistance varied with need and availability, but was generally one cfficer and
two enlisted men at the minimum, and two officers and eight enlisted men at the
maximum level.

The Rifle Marksmanship Evaluation Study Group (BMESG) is a special study group
instituted by the Weapons Department of the U.S. Army Infantry School for the purpose
of this research program. The group consisted of a chief, who was a lieutenant colonel or
a senior major, a depuly with the rank of major, and from four to 15 other officers on
extended temporary assignment. In addition, other personnel were made available for
specific experiments by several agencies including the U.S. Army infantry Board, the U.S.
Army Marksmanship Training Unit, and the Ranger Department of the U.S. Army
Infantry School.

WORKING ARRANGEMENTS

This project was a cooperative venture. Responsibilities for a particular job were
generally accepted by the agencies best suited to handle them, although there were
guiding principles as to their assignment. The Rifle Marksmanship Evaluation Study
Group of the Weapons Department had the final authority on which studies would or
would not be coaducted. HumRRO lhad the technical responsibility for the design and
analysis of the experiments. This does not mean that all experiment designs were written
by HumRRO personnel, (although several were); many’ were written by RMESG person-
nel with HumRRO guidance and supervision.

Most of the experiments were conducted at Forl Benning, using as subjects either
students entering Noncommissioned Officer Candidate Schoo! or trainees at the Basic
Combat Training Center. A list of the experiments and the locations at which they were
conducted is presented in Table 1.

On a number of the more intricate experiments conducted at Fort Benning.
HumRRO representatives, assisted by a team furnished by the USAIHRU, supervised the
technical conduct of the test and served as scorcrs. RMESG always previded a reage
safety ofticer and supporting NCOs. and was responsible for ebtaining subjects, ammuni-
tion, and other support as needed. Several experiments, including all of those conducted
at posts other than fort Benning, were conducted exclusively by RMESG personnel with
the exception of the planning and analysis stages.
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Talte 1

Locations of Experiments 4
Experiment r Location
1:  Sequence of Quick-Fire Training in Basic Rifle Fart Jackson, South Carolina
Marksmanship Training Fort Gordon, Georgia

Fort Lewis, Washington
Fort Bliss, Texas

2:  Effect of Wearing Combat Equipment Quring Fort Jackson
Marksmanship Truining

3. Effectiveness of the Pupil-Coach in Basic Riffe Fort Gordon
Marksmanship Training

4:  The Definition of the Interaction of the Firing Position, Fort Benning, Georgia

Firing Method, Firing Mode, Distance, and Type of
Sights in Combat Marksmanship

5: Evaluation of the Use of Competitive Marksmen as Fort Gordon
Assistant Instructors in Basic Rifle Marksmanship
6: Effect ot Additional BB Gun Training on Nigh Firing Fort Jackson
7. Center of Mass vs. Adjusted Aiming Point Fort Benning
B:  Optica'ly Produced Zero vs. Personal Zero Fort Benning
9:  Semiautomatic vs. Automatic Fire at Night Fort Benning
10; Vision Technique, Sight, Mode, and Position for Use Fort Benning
in Night Fire
11: Use of the Tri-Lux Sight for Daytime Targets Fort Benning
12:  Tri-Lux Sight at Night Fort Benning
13: Evalvation of Training Changes in Night Firing Fort Jackson
14:  Mode of Fire for Multiple and Area Targets Fort Benning
15:  Tracer Ammunition During Daylight Training for Fort Benning
Night Fire
16: Comparisons of New and Old Basic Rifle Marksmanship Fort Benning?
Programs
17: Comgparison of Kneeling, Prone, Sitting, and fort Benni~g
Squatting Positions
18:  Evaluation of Possible Moditication to Prone Positions Fort Benning
18.  Comparison uf 1he Standard, Tri-Lux, Promethium, and Fort Benning
Open Sights for Night Usage
20: Comparison of M16A1, Tri-Lux, Open, and Promethium For1 Benning
Sights Under Daylight Conditions
21:  The Efectiveness of Different Methods of Weapon Carry Fort Benning

?Data for the ol'd BRM ¢x0gram were gathered at Foir1s Gordon and Jacksor  the new BRM procia = was
administered at Fort Benning.

SELECYION OF EXPERIMENTS

Experiments were initiated by several sources including HumRRO., RMESG. and the
U.S. Continental Army Command (CONARC). Except for experiments conducted in
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response to directives from CONARC, the experiments gcnerally were selccted according
to the bases outlined in the following paragraphs.

Potential areas of study cculd be divided into two categories—‘what” should be
taught, and “how” it should be taught. Since “what” should be taught must be spccified
before deciding “how” it should be taught, studies in the “what" category were
undertaken first.

In examining the “what” elements, a systems analysis concluded that much of
combat rifle marksmanship is concerned either with firing techniques, or with the firing
environment. ‘The firing environment is divisible into five areas, while the firing tech-
nigues are single areas. Generally speaking, each experiment was concerned with at least
one firing technique, and at least one of the two choices under each of the five
environmental conuitions.

This system is portrayed in Figure 1. The shaded cells represent illogical combina-
tions of firing techniques and firing environment which were excluded from consideration
(for example, it obviously makes little sense to calibrate the sights of a weapon at night).
Five experienced HumRRO statf members were requcsted to rank order, without consult-
ing one another, the 10 environmental conditions and the seven firing techniques. There
was considerablz agreenient among the five individuals as to the order of importance;
using the mode2 rank in each case provided a single rank ordering without any deictions
or redundancies (Figure 1),

In order to determine the order of priority of the various combinations of firing
techniques and firing environments, the rank order of each row and column were
summed, with the lowest sum recciving the highest priority. For example, automatic vs.

Combinations of Firing Techniques and Environment as a Function of Range

Firing Envitonmenl and Rank Nider of Importance

IHlumination Target Motion Time Pressure Target Location | Targel Definition

Fiting Technique

6 4 ? 1 3 9 10 2 5 8
Night Day Moving |Stationary | Present | Absent | Aerial | Ground { Point Aea

1 Automatic vs.
Semi automatic

2 Rapid Fire vs,
Delibeiate Fire

3 Sighting Techn. que

4 Sight Calibration
{Zero)

5 Body and Weapon
Position Du:ing
Firing

6 Aiming Point

1 ¥eapon Pusition |
at the Carry J

Figure 1

ERIC

17~



semiautomatic fire was judged the most important firing technique, and stationary targets
ing without any deletions or redundancies { Figure 1).

In order to determine the aorder of priority of the varivus combinations of firing
techniques and firing environments, the rank order of each row and column were
summe<, with the lowest sum receiving the highest priority. For example. automatic vs.
semiautomatic fire was judged the most important firing technique, and stationary targets
the most important environment. In Figure 2, a “1’" was placed in the appropriate cell to
indicate that the sum of the appropriate row and column ranks showed this was the most
important cell in the table.

A YR ST,

Selection of Most important Combinatior. of Firing Technique and Environment

Firing Environment and Rank Oider of Importance

—

. . _ T I
Fiting Technique L‘~I’l|um|nat|c>n Target Motion Time Pressu.e Target Location | Target Delinition

6 4 7 1 3 9 10 2 5 8
Night Day Moving |Stationary| Preseat| Absent | Aerial | Ground | Point Area

1 Automatic vs. 1
Semiautcmatic

2 Rapid Fire vs.
Deliberale Fire

TRy T

3 Sighting Technique

4 Sight Calibration - ez R
{Zero) _ _

5 Body and Weapon
Position During
Firing

6 Aiming Paint /

7 Weapon Position L

at th: Canry

Figure 2

In Figure 3 this process is continued. Rapid fire vs. deliberate fire is the sccond
most important row, target | cation on the ground the second most important <olumn.
Where the second mosl important column crosses the rirst mast important row. and
where the second most important row crosses the first most important column there are
combinatious of firing environment and firing techniques that are second in priority.
Where the second most important 10w and column cross each other there is a combina-
tion of environment and technique that is third in priority.

This process was continued throughoul the entire tabulation. While the completed
tist did not automatically fumish a listing of experiments, it did furnish a reference
scheme against which the potential value of a number of experiments were judged. In
most instances, studies concerned with “how" to tcach were conducted after the appro-
priate experiments concerned with *what” to teach.
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Selection of Second ard Third Most Important Combinations of Firing Technique
and Envircnment

Firing Environment and Rank Order of Impottance

Firing Technigus Hiumination Target Motion Time Piessure Target Location | Target Definition
6 4 7 1 3 9 10 2z 5 8
Night Day - Moving [Stationary| Piesent | Absent | Aesial | Ground | Poinl Alea
I Automatic vs. * 1
Semiautomatic 2
2 Rapid Fire vs. 2 3

Deliberale Fite

3 Sighting Technique

4 Sight Calibeati %/Z
I(gZero)a“ ation - 4%‘_‘ 7

S_B—ody and Weapon
Pasition During
Firing

& Aiming Point

1 Weapo Pasition
at the Carry

Figure 3

Two selected experiments—one on moving targets and one on aerial targets—have not
yet been conducted vecausge the equipment required for them has not been available.

CRITERION MEASUREMENT

A few comments on the criterion measures taken should be of generzl interest. Time
to first hit was probably the most useful measure taken in most of the studies. Whenever
there is pressure to *‘get the enemy before he gels you,” tlis criterion is certainly
piramount. For this reason, the eclapsed time to first hit was extremely useful in
comparisans of automatic vs. semiautomatic fire and of firing techniques. The elapsed
time from target presentation o target “kill”’ was measured electromechanically, using
mercury switches on the target to close and open a circuit to an electric timer as the
target was presented and automatically “killed” by the strike of the bullet.

Such measures as time per round, time per hit, and time per trigger pull were
especially valuable in explaining why a particular technique was superiol, or inferior, in
time to first hit. They were obtained by dividing total rounds used, hits achieved. or
trigger pulls made by time to first hit. The number of rounds used was obtained by
counting the rounds remaining in the magazine and subtracting from the origin-! issue.
The number of trigger pulls made was obtained by a count conducted by monitors
assigned on a one-to-one basis to vach man on the firing line The number of hits
achieved was record>d automatically through the use of hit-sensing devices on the target.

In addition, the measures taken normally during marksmanship training were often
used. These were hits, misses, and no fires. These measures were taken from standard

O
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training ranges using standard training performance measurement techniques and electro-
mechanical equipment except for the addition of experiment monitors, and a thorough
chieck of the equipment to see that it was operating properly.

INCORPORATION OF RESULTS INTO TRAINING

In addition to its other responsibilities, the RMESG develops programs of instruction
for Basic Rifle Marksmanship incorporated into the training program at training centers
throughout the United States. During the conduct of Work Unit MARKSMAN, HumRRO
has fur-ished a written analysis and interpretation of each experiment scon after its
completion. These analysis reports were the basis for the construction by the RMESG of
a revised Program of Instruction in Basic Rifle Marksmanship for Basic Combat Training
{BCT}. In this way, the use of the results of this research was expedited.

RESEARCH CALENDAR

It was concluded at the Army Training Center Conference held at Fort Benning in
December 1968 that there was a significant training problem in the area of marksman-
ship. In January 1969, the Weapons Department of the U.S. Army Infantry School, in
cooperation with HumRRO Division No. 4 sought CONARC approval and guidance for
research on combat rifle marksmanship This approval and guidance was given in
February 1969, and testing was initiated ‘n March.

Also in February 1969, task analyses of weapons traiaing in Basic Combat Training
and in Advanced Individual Training weie undertaken by the Weapons Department at
their own initiative. These task analyses were valuable aids in outlining the rescarch
program. The research divided logically ino two phases: Phase 1 was concerned chiefly
with basic rifle marksmanship and Phase 2 will be concerned principally with advarced
rifl2 marksmanship.

RESULTS

All exreriments discussed in the text of this report are described in more detail
individually in the Appendices.

DAY FIRING-SINGLE TARGETS

Mode of Fire

Mode of Fira {semiautomatic vs. automatic) was studied in Uxperiments 4, 11A, and
11B. Against nonmoving, single targets in the daylime, from most firing positions, the
semiautomatic mode was superior to the automatic mode in bolh the time required for a
hit and the number of trigger pulls required for a hit from 50 melers out. Within 60
meters, there was little difference belween these two modes, either in time to first hit, or
in lrigger pulls to first hit. Within 25 meters, the automatic mode was faster than the
semiautomatic mode in time to first hit (p<.05). Figures 4 thrcugh 7 illustrate the
interaction between mode and target distance.

Time to first hil is probably the mare important of the two criteria examined,
combining both speed and accuracy. The time to first hil as a funclion of targel distance

O
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in Experiment 4 is plotted in Figure 4. These values are the m.eans for the “coarse «im”
technique for all of the five firing positions tested. Beyond 50 meters, the semi- 'ton !ic
mode was superior in Loth speed and accuracy, becoming more superior with i reasing
distance. Within 25 meters, the automatic mode was superior in time to first hit (Figure
5) although not in trigger pulls to first hit (Figure 7). The superiority of the automatic
mode of fire within 2b meters was slight, but significant (p<.05) (Figure 5).

Mean time to first hit data as a function of target distance for Experiments 11A and
11B is provided in Figure 5; the “‘aimed fire” por:ion of Experiment 11B was averaged
across all firing positions for this graph. The difterences between the positions used in
Experiments 4 and 11B possibly account for some of the difference between Figures
and 5. Experiment 11A provided the only examination of the semi-automatic versus the
automatic mode within 25 meters. The data for Experiment 1133 . on the same graph
support the conclusion reached in Experiment 4 that semiautomatic fire is superior to
automatic fire with the M16 rifle, beyond 50 meters (Figure 6).

Firing Technique and Sight

The results of Experiment 4 indicated that aimed fire might be superior to Quick
Fire. The time to first hit criterion for a comparison of the Quick-Fire technique with
aimed fire using the M16A1 sight is shown in Figure 8. The difference vetween the
Quick-Fire snd the aimed fire techniques was statistically significant at the 50- and
75-meter distances (p<.001), but not at the 25-meter distarice. It was decided that a
further comparison was nieceded, examining Quick Fire and aimed fire within 25 meters as
well as corroborating the results beyond 25 meters. Experiments 11A and 11B were
intended to provide this information.

Time to First Hit for Quick Fie vs. Aimed Fire Beyond 25 Meters:
Experiment 4 for Semiautomatic Fire

?

-
- me Quick Fire
Ll MISAY Aimed Fire /
_— /
") Tesring dilferences: /
"g At 25m: p= NS i
o5k At 50 ond 75m: p.001 Vs
3
Tt
2
&
2 3
v
E i
-
2}
1 i | 1

0 25 50 75
Distonce (meters)

Figure 8
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Al about the same time, other research on night firing indicated a pos:zible utility
for a nightsight with a large rear apertiure. One such nightsight, the Tri-Lux sight, is used
by the Hritish not only for night firing, but also for rapid aimed fire at close targets in
the daytime. The British, in their comparison of Quick Fire with aimed fire using the
Tri-Lux sight, found that aimed fire with their sight was superior to Quick Fire®, It was
decided to include an examination of the Tri-Lux <sight in Experiments 11A and 11B.

A comparison of Quick Fire with aimed fire usi~g bath the M16A1 sight and the
Tri-Tax sight on the time to first hit criterion for Experiment 11A, which was concerned
with ranges of 25 meter- and less, is provided in Figure 9. Considering time to first hit,
the M16A1 «<ight wus i lerior at 10 and 15 meters, where th Tri-Lux sight and Quick
Fire were about egual. At 20 meters, the technigquc used made little difference. At 25
meters, aimed fire in general and the Tri-Lux sight in particular were superior. This
inwraction of sight and technique with distance was significant (p<.01). Thus, it would
appear that aimed fire -ith a large aperture rear sigiht is superior to Quick Fire, and to
aimed fire with the M16A1l sight within 2b meters. A trigger pulls to first hit criterion
was also examined. Quick Fire was significantly inferior to aimed fire beyond 15 meters,
and was never superior to ~imed fire in terms of trigger pulls to first hit (p<.001). In
Experiment 11B, there :as .o significant difference between the M16A1 sight and the
Tri-Lux sigh! 't 50 meters but the performance with the Tri-Lux sight deteriorated
rapidly beyond that distance (Figure 10).

From the results of Experiments 11A and 11B it appeared that a large.aperture rear
sight might have some value fo: rapid aimed fire in the daytime at targets witk. 50
meters. Before concluding this, it was dacided to run one additional test, examining the
M16A1 sight, the Tri-Lux sight, a second but smaller rear-aperture sight (Promethium)
and an Open sight consisting simply of the “U” of the carrying handle. This sludy was
conducted in Experiment 20. The tirie to first hit criter'on for this experiment is
portrayed in Figure 11, which shows tuat the M16A1 sight becomes superior at same

Time 1o First Hit for Quick Fire vs, Aimed Fire
Within 25 Meters: Experiment 11A

3~

~ M1BA1 Sight Aimed Fire
== Quick Fire
s vom Tri-Lux Sight Aimed Fice

Testing dilfe-ences omong sighis: p - NS

Time to First Hit (seconds)

P

k Testing Sight/Oistance Interaction: p<<,01 .

-
-
-~
PXe S
.z -__—_,'—""/'
PSS

| 25T
1 1 L | 1

5 10 15 20 25

Distonce (meters)

Figure 9

Major D. Stoplord. An Evalualion of the Quick Kill Shooting Systems. FARELF G (Operational
Requirements and Analysis Branch), Report No 3-69, March 1969.
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Time to First Hit for M16A1 Sight vs. Time to First Hit for M16A1T vs. Tri-Lux vs.

Tri-Lux Sight: Experiment 11B Promethium vs. Open Sights: Experiment 20
5r 1S
' —— MIBAT Sigh
" / WF = TriluaSighe
e M14A1 Sight ’/ ~==-= Promethium Sight
13— == Teicbex Sght [} 131 ¢ Open Sight
Tesling differen .ot p . .001 ,’ Testing diffecences among sights: p . .001

17 12+ Teuting Sight/Distance Interaction. p~ .001
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Figure 10 Figure 11

distance between 25 and 50 meters. This superiorily increases with distance. Within 50
meters, there is little difference among the three large-aperture sights.

From the resulis of Experiments 4, 11A, 11B, and 20 it appears that aimed fire,
particularly with a large-aperture rear sight, is superior to Quick Fire. However, the
advantage of the large-aperture rear sight over the standard M16A1 sight is timited to
target distanrces of less than 50 meters. Within 50 metlers, the Promethium sight has a
superior mean performance as compared with the other three sights, but its superiority
over the Tri-Lux and Open sights is not significant.

Firing Position

Four experiments were conducted that included a stidy of firing positions. In
t.periment 4, a study of the standing, kneeling supported, kneeling, prone supported,
and prone positions, it was determined that the kneeling supported and kneeling positions
generally yield the most rapid time to first hit. at the more distant targets (150-275
meters) prone sunported was next, followed by standing, then frone. Support greatly
improves periorm snce in the prone position in both time and rounds to first hit. In
Experiment 11B the prone, kneeling, and standing positions were examined and it was

O
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determined <nly that the standing position was inferior to both the prone and kneeling
positions in terms of number of trigger pulls required to first hit.

In Experiment 17 four offensive positions, the kneeling, prone, squatting, and sitting
positions, and two defensive positions, the bunker and foxhole were examined. This
experiment determined that the defensive positions are generally faster and more accurate
than the offensive positions. In addition, it was determined that the descending order of
the offensive positions considering bolh speed and accuracy is: (a) Kneeling, (b) prone,
(c) squatting, and (d) sitting. In Experiment 18 it was determined that a straight line,
unsupported prone position is superior to the angled, unsupported prone position when
firing the M16 rifle, but that body alignment made no difference when support was used.

In summary, the following findings were reported:

{1) Defensive positions (i.e., bunker and foxhole), are better than offensive
positions in both speed and accuracy.

(2) Among the offeunsive positions, the kneeling supported and kneeling posi-
tions provide the best combhination of speed and accuracy.

(3) The prone supported position provides the next best speed/accuracy combi-
nation at the greater distances (150-200 meters).

(4) The sitting and squatting positions do not offer any speed or accuracy
advantages.

(5) Using the M16 rifle, a modification of the prone position to align the Lody
with the rifle will provide a speed and accuracy advantage.

Carry Position

The two criteria 10r determining the best carry position for the rifle are comfort and
spced on target. There are two carry positions, one that maximizes comfort when no
immediate threat is perceived, and one that maximizes readiness when the possibility of
an immediate threat is perceived. Only the second of these situations was considered in
the conduct of this research.

In Experiment 11A, a modilication of the British ready poasilion was compared with
an undeiarm carry position. In the modified British ready position the butt of the
weapon is placed high in the shoulder pocket so that when the weapon is raised, a
minimum heac movement is required of the shooter. For a right-handed individual, the
right-hand is on the pistol grip, the left-hand is on the stock beyond the carrying handle,
and the weapon is slanted downward and to the left across the body. The Brilish ready
position was superior to the underarmi carry in time to first hit, bu! the lwo positions
were equal in the number of trigger pulls required to hit the target. Thus, there was no
accuracy difference, but the modified British ready position was faster. In this study, the
gun was always fired from the shovlder.

In order to check the possibility that the underarm position might be superior to
shifting to the shoulder position for firing the weapon, this comparison was also made in
Experiment 11A. Firing from the underarm position was grossly inferior to firing from
the shoulder position in both speed and accuracy, even theugh the individual firing from
the shoulder position had to raise the rifte from the underarm carry before he could fire.

Experiment 21 was a comparison of the modified British ready position with a high
port position, the underarm carry, ind the British ready position using a sling. No
significant difference was found among these four carry positions. Since Experiment 21
failed to corrobhorate the results of Experiment 11A, no definite conclusions can be
reached concerning the carry position.
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DAY FIRING—MULTIPLE AND AREA TARGETS

Mode of Fire

In Experiments 4, 11A, and 11B it was determined that the semiautomatic mode of
fire is superior in time to first hit and total number of hits as compared with the
automatic mode of fire against single targets in the daytime. In Experiments 9 and 10 it
was concluded that the automatic mode of fire is superior against single targets at night
and in limited visibility conditions.

It was reasoned that the automatic mode of fire was superior at night because the
targets were indistinct, resulling in less accurate aiming, thereby increasing the value of
maximizing chance hits by the use of automatic fire; further, where the target was visible,
the semiautomatic mode of fire gave a higher hit rate than the automatic mode because it
was possible to re-lay the weapon for follow-up shols more rapidly in the semiautomatic
mode. Multiple targets and arec targe.s in the daytime havc characteristics of both of
these situations, so it was necessary to examine them in the daytime to determine which
mode of fire would maximize the number of hits and the number of hits per unit time.

In Experiment 14A, the semiaucomatic and automatic modes were compared at four
target distances and two distribution densities for multiple targets. It was found that
semiautomatic fire resulted in more hits per second than automatic fire. Furthermore,
semiautomatic fire resulted in {wo to three times as many total hits as automatic fire,
and resulted in better fire distribution as well. In addition, increasing the iarget density
resulted in an even greater superiority for semiautomalic fire. Ammunition expenditure
was held equal in both modes.

In Experiment 14B area targets were studied. In this evperiment, the automatic
mode, which was provided three times as much ammunition as the semiautomalic mode,
achieved more total hits and more targets hit than the semiautomatic mode. In addition,
the automatic mode achieved more hits per trigger pull than did the semiautomatic mode.
However, the semiautomatic mode of fire still provided a faster hit rate than did
automatic fire.

The first round of a three-round burst on automatic fire should be just as accurate
as a single round fired using semiautomatic fire. Therefore, it is logical that when fidng in
three-round bursls, and provided with three times the ammunition of semiautomatic fire,
the automatic mode should achieve more total hits and more hits per trigger pull than
the semiautomatic mode of fire.

However, the real question is whether the occasional extra hit per trigger pull gained
when using automatic fire is sufficient to compensate for the extra time required to
re-lay the weapon after firing a burst in the automatic mode. Since the semiautomatic
mode of fire aehieved a faster hit rate rer unit time than did automalic fire, it would
scem that the occasional extra hits affoided by the use of tutomatic fire does not
compensate for the extra reJay time. In a given period of time, semijautomatic fire will
pruvide more target hits than automatic fire. Tlicrefore, in a situation requiring the
delivery of effective fire into multiple or area targets, semiautomatic fire would be
superior.

Firing Techniques, Sight, and Position

It was reasoned that the firing techniques, sights, and positions sclected 11 the
studies of single, visible targets would also very likely be selected for multiple and area
targets. Therefore, these variables were held constant. Only aimed fire in the foxhole
position using the MIGA1 sight was investigated.
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NIGHT FIRING

Mode of Fire

In Experiments 9 and 10 semiautomatic vs. automatic fire at night was studied. It
was concluded in both experiments that automatic fire using the three-round burst was
superior to semiautomatic fire in total number of hits, and in hits per trigger pull. In
addition, it took no longer to fire a three-round burst of automatic fire than to fire a
single round in the semiautomatic mode at night. The conclusion must be that in a
time-critical situation at night, automatic fire using the threeround burst is more likely
to achieve a hit than semiautomatic fire. However, since automatic fire uses more
ammunition than semiautomatic fire, the superiority of automatic fire at night will be
compromised by the additional ammunition expenditure.

Firing Technique and Sight

Experiments 10, 12, and 19 were concerned with firing techniques and sights for
right firing. In Experiment 11 these variables were studied under starlight {no moon)
conditions. Under these conditions no firing technique or sight tested made a significant
dgifference. In Experiment 12, the Tri-Lux sight was compared with the M16A1 sight in
both the starlight and half-moon conditions and again there was no significant difference
under the s*arlight condition. However, under the half-moon condition the Tri-Lux was
significantly superior to the M16A1 (Figures 12 and 13).

Time to First Hit for M16A1 and Tri-Lux Sights Number of Hits for M16A1 vs. Tri-Lux Sight Under
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In Part 1 of Experiment 19 this examination was repeated under the full-moon
condition with the addilion of a third sight, the Promethium. The Promethium sight
differs from the Tri-Lux only in the source of luminescence in the front sight post and in
the size of the rear aperture. The Tri-Lux rear aperture was a circle, truncated by the
carrying handle on both sides, one centimeter high and 0.75 centimeter wide. The
Promethium rear sight was circular with a diameter of 0,70 centimeter; it is named for
the luminescent element used in it, The Tri-Lux sight used tritium as the luminescent
element in the front sight post. Both the Tri-Lux and the Promethium sights were
significantly superior to the M16A1 sight, but were not significantly different from one
another (Figures 14 and 15).

The second part of Experiment 19 repeated this examination under the
half:-moon condition with the addition of an Open sight which consisted of the
Promethium front sight and no rear sight. The *“U” of the carrying hardle was used as
the rear sight. Again, there was a significant difference among the sights, due principally
to the superiority of all of the night sights relative tc the standard M16A1 sight (Figures
16 and 17).
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Firing Position

Firing position at night was studied in Experiments 6 and 9. In Experiment 6, the
prone supported posi'’ \n was compared with the kneeling unsupported position. The
prone supported was generally superior (p<.01). However, the kneeling unsupported
position was superior to the prone position when white lape was placed longitudinally
along the barrel to assist in aiming (p<.001). It seems likely that the use of any type of
night sight would make the kneeling position superior to the prone. Without some such
assistance, the prone position is superior at night.

Use of Tracers

In Experiment 15 the use of tracers for night firing and for training for night firing
was studied. While the use of tracers for .wight firing resulted in a considerable improve.
ment in performance (p<.001), it had a detrimenial effect upon night firing without
tracers {(p<.01). Therefore, it was concluded that night fire training skould be conducted
with tracers only if it is intended that tracers be used for night firing in combat.

The firding that use of tracers improved performance in night firing with the rifte to
some extent contradicts information in a technical literature survey previously compiled
by HumRRO.? However, *hat review was concerned with the use of tracers in antiaircraft
firing, which is conducted against moving targets at comparatively great distances and

3Robert J. Foskelt, EW. Frederickson, and Robert D. 3aldwin. A Review of the Lileralure on
Use of Trocer Observation as en Antigirceft Firing Technigue. HumRRO Technical Report 68-11,
Seplember 1968.
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usually in the daytime. The MARKSMAN resu'ts apply to night visibility conditions at
comparalively short ranges and at standing targets. These situational differences probably
account for the different conclusions reached in the two reports.

TRAINING CONSIDERATIONS

Aiming Points

Soldiers firing the M14 rifle with a 250-meter, battle sight zero are instructed to aim
below the center of the target for any targets less than 200 meters, and to aim at the
center of the target for targets beyond 200 meters. Since most combat targets are within
200 meters, this means that most combat shots are fired using the low center of target
aiming technique. 'r'his adjusted aiming point technique is necessary for the M14 rifle
because of i‘s trajectory. However, the M16 rifle, with a higher nwuzzle velocity, has a
flatter trajectory.

It seems plausible that the soldier might be able to fire at a certer of target aiming
point for all targets within 300 meters. This would r:ot necessarily yield greater accuracy,
but if the accuracy of the center of target technique were equal to the accuracy of the
adjusted aiming technique the training couid ke simplified. Experiment 7 addressed this
problem.

The problem was attacked in two ways. First, the projected points of impact on a
man-sized target, using the M16 rifle at varyirg distances, and three different aiming
points wire calculated, based upon trajectory data furnished Ly the Aberdeen Proving
Grounds. A ‘‘standard man" according to the Hertzberg data was used for the target
projection.® The analysis showing the iiapact points obtained while the bullet was rising in
its trajectory are slightly .o the left of the center line, while the impact points obtained
as the bullet was falling are slightly to the right of the center line. Clearly, an aiming
system using either the beltbuckle or the stomach area as the aiming point will resuit in
more hits in the chest and stomach area, and the present adjusted aiming point system
will resull in more hits in the lower abdomen.

An argument in faver of any of these three aiming systems could prebably not be
supported on the basis of these data. Similarly, the expenimental evaluation of the center
of mass vs. the adjusted aiming technique resulted in a conclusion of no significant
difference. With no difference in hit probabilities, the choice between the aiming tech-
niques can be made on the basis of other criteria, such as the simplicity of training
obtained by using a single aiming point throughout rather than a dual system.

Prezeroed Sights

A true zero is the calisration of the sighls on a weapon so that when they are
aligned with the target at a spec fiec range, and with a specified ammunition, a round
fired from the weapon hits the aiining point within the margin of error for the weapon.
It has been commonly believed thal a weapon should not be fired with the truz zero but
that it should be zeroed by the individual doing the shooting. According to this
philosophy, eccentricities in sight alignment would be eliminated by correcting the sight
for the individual doing the firing.

There is considerable logic in opposition to this point of view. The man who
consistently makes an error in sight alighment can eliminate it if the sights are zeroed

‘HTE Hertzberg and G.S. Danicls. Anthropomeltry of Fiving Persornel, Aero-Medical Lab Report
WADC ER-52-321. 1950,

0
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perfectly and, through firing, he notices his error. However, when a man is allowed to
introduce an error into the zeroing of his weapon, learning to correct for it becomes
iinpossible because an accurate sight alignment will yield an inaccurate shot. Furthermore,
it is more difficult to maintain a econsistent sight al.;.nment when the ‘“‘correct” sight
alignment is off center. Therefore, 11 would seem better to train a man to shoot with a
weapon that is accurately zerornd before teaching him to zero the weapon. The present
system of training the man to zero ue weapon before training h,.n to shoot with it
would seem to ensure that the inaccuracies in sight alignment existiag when the training
begins will have a negative effect upon the course of the training.

Probably the main reason why trainees liave not in the past been furnished accu-
rately prezeroed weapons is the difficulty of mass producing accurate zeroes. If a weapon
could be accurately prezeroed using a mechanical and/or optical device requiring a
minimum amount of time and money, it would then be feasible to teach the soldier o
shoot before he is taught to zero the weapon. This should make the training casier anu
save ammunition required for zeroing.

The optical collimator is potentially a device that er>dd accurately prezero a
weapon. The collimator is inserted into the muzzle of the weapon. Through the sights, a
target is seen. When the larget is centered in these sights, the alignment of the sights is
parallel to the barrel of the weapon and the windage at this point is correct. The
correction of a set number of clicks in eclevation, or the alignment of the sights to a
compensatory mark on the collimator will zero the weapon in clevation for a given range.

In Experiment 3 a collimator-produced zero was compared with the personal zero,
the results indicating no significant differrnce in performance. However, the data did
indicate that it was highly desirable to fire a single three-round shot group as a final
check and correction after zeroing the weapon with a collimator. The colliinator-
produced zero with a three-round check was as good as the personal zero, and eliminated
two-thirds of the ammunition required for zeroing. 1t can he used to check the zero on
weapans under battlefickd conditions without firing a shot.

Pupil-Coach Evaluation

The Pupil-Coah has traditionally been used as a teaching assistant daring 25-m¢ 1
firng ir the Basic Rifle Marksmanship program. If il were shown tliat the pupil-coach
made no sigrificant contribution, this student time would hiecome availa ' for other
uses. Experivnent 3 addressed this problon.

Cne basic combat traning company of 206 men was -uvided into two groups: One
group acted as cuachrs and r- eived codching during the normal 254 “cter fuing exercieva,
the other did neit .or. A! students received the same formal instruction, including
instruction on coacl:ing dutiec , ne test eriterion was performance in record fire 1 and 2.

The mean record fire scorrs were 4291 and 49.9 "or the “with coach™ and the
¢ without coach®™ groups vespectivelv. Tests ¢ 7 “ificance yielded "ts” of .73, .20, and

.18 for hits, miszes, and no-fires res, ~clive! = s ! doyrees of freedom, none of these
is significant. Apparently, whether or nc” a - . .¢~ coaching from a pupil-coach on
his 25-meter firing has no significant effect v s performance in record fire 1 and 2.

Use of BB Gun and Tape for Night Firing

Since both Quick Fite and night firing practice: employ a pointing unaimed tech-
nique, it was reasoned that night firing with the rifle might beneflit from BB gun practice
to the same extent that Quick Fire in the daylime reportedly does. Also, since white tape
placed along the barrel of the rifle is an accepled field expedient for night firing, it v~
decided to determine the o voct of using it on the BB gun during practice, as well as on
the service weapon during recoid fire.

21




Night practice with the BB gun without tape on the barrel had no appreciahle effect
upon the firing of the service weapon later. However, the same practice with tape had a
detrimental! effect upon later firing with the service weapon (p<.05). The use of the BB
gun requires a substantial correction in elevation to account for the trajectory of the BB.
The use of tape on the BB gun probably increases the ability to make this correction.
Training in such an elevation correction would have a detrimental effect if transferred to
the service weapon. The use of tape on the service weapon, with or without the BB gun
training, had no appreciable effect upon performance.

Wearing of Equipment During Marksmanship Training

During the original TRAINFIRE research, it was suggested (although not tested) that
one method of maintaining battlefield fidelity during marksmanship training would be to
wear the helmet and web gear. While the use of this equipment probably does increase
battlefield fidelity, it was also considered possible that it might create obstructions to
learning in the early stages of marksmanship training. Experiment 2 was conducted in
order to uobtain some indication of the effect of wearing this equipment upon Record
Fire 1 and 2.

Three conditions were studied:

(1) No helmet or web gear worn during training.
(2) No helmet or web gear worn during the first half of training.
(3) Helmet and web gear worn during the entire training period.

There was no significant difference among the three groups in terms of hits, misses,
or no-fires during Record Fire 1 and 2. Apparently, wearing the equipment has no iil
effect upon record fire scores. Whether it increases battlefield fidelity as originally
suggested is an open question.

Sequence of Quick Fire in Training

Experiment 1 wns dovoted to the topic of Quick Fire in training. Later experiments
have indicated that substantial changes in this training may be desirable. While the
Ouick-Fire situation (i.e., one in which it is necessary to fire quickly and accurately at
short ranges) is certain to remain an infantry requirement, it may be feasible to eliminate
many of the principles taught and training techniques used in the present Quick-Fire
program. K js also possible that training for the Quick-Fire situation will be integrated
with other marksmanship training. However, in the event that this training remains an
isolated element of instruction, comparatively unconnected to the rest of Basic Rifle
Marksmanship, the results of Experiment 1 indicating the optimal position of Quick-Fire
training in the BRM program will be of value.

The sequence of Quick Fire in the BRM program (i.e., early or late in the program)
did not have any significant effect upon record fire scores. However, nien who had Quick
Fire late in the BRM program scored significantly higher on that portion of a criterion
test devoted to targets representing a Quick-Fire situation. There was nothing in the
experiment to indicate why this was so. It is possible that the Quick-Fire skill deterio-
rates rapidly, and that the relative superiority of those trained on Quick Fire late in the
regular BRM program was due to their being in a more recent position on the forgelting
curve. On the other hand, it is also possible that the weapun familiarity gained from the
training on aimed fire greatly assisted in the learning of Quick Fire techniques. In any
event, there is no disadvantage to placing Quick Fire late in the program, and there may
be a gain.

Q
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Evaluation of Training Changes in Night Firing

Prior to Work Unit MARKSMAN the night firing program as a considerably
scaled-down adaptation of the program of instruction recommended after testing by
HumRRO in 1954 and adopted by the Arniy in 1958. The program had been consider-
ably reduced on two occasions in order to free anxmunition and time for other purposes.
As a result of feedback from U.S. commanders in Vietnam, the original program was
reinstated. Some segments of this 7-hour program seemed of questionable value, both to
the present HumRRO personnel and to the RMESG.

In Experiment 13 the relative value of four different programs was studied by
deleting certain eiements from the 7-hour program in varying combinations. The 7-hour
program was compared with the 5-, 4%-, and 2%-hour programs. The 4'-hour program
proved superior to all three of the others (p<.001). It consists of two hcurs of
orientation firing, followed by one-half liour of conference and demonstration of night
vision techniques, then two hours of practice and record night fire.

Use of Competitive Marksnen as Assistant Instructors

Basic Rifle Marksmanship inn the U.S. Army is, of necessity, a mass production
training program. The present program places a severe time limitation upon the instruc-
tion. Experiment 5 was conducted to determine whether the use of competitive marks-
men rather than the present cadre as assistant instructors in the BRM program would
improve marksmanship scores within the time limitations of the program. A zecondary
objective was to determine whether additional assistant instructors would improve t 1
ing when no increase in training time was allowed.

There was no significant difference among the groups tested, either as a fur.
the use of experienced, competitive marksmen in place of the usual training cadre,
function of reducing the trainer/trainee ratio. This does not mean that expcic
instructnrs have no value in teacliing rifle marksmanship nor that the teacher/pup
is of no consequence in teaching this skill. In the present program, there is o
instructor for as many as 100 men on the line.

The functions of the assistant instructors are mainly mechanical. There is :
enough time nor enough freedom for the assistant instructors to act as in¢
teachers. Thus, within the confines of the present program, an increase in eitl
quality or the quantity of assistant instructors will have little if any impact up
quality of the instruction. Any attempt to improve the quality of the produ
improving the quality and/or the quantity of the assistant instructors must begi
redesigning the format in which the instruction is given in order to allow b
experienced andfor numerous assistant instructors the time and freedom in wi
operate.

Oaylight Training for Night Firing

One of the most fundamental principles of leaining theory is that there m:
knowledge of results in order for learning to occur. In marksmanship, this means :
man must know where the rounds that he is firing hit on and around the target
to make corrections in his firing technique, and learn to shoot better. This be.
scrious problem at night because of the almost total eliniination of visual feedbacl
it seems reasonable that some practice of night firing techniqucs in the daytime o
more beneficial than practice of the same techniques at night. Experiment 15 trea’
subject,

Men trained on night firing techniques in the daytine performed considerab'’s
on their wght record fire than those trained on the <aime techniques for th> sam:
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of time at night (p<.001). This does not mean that a total elimination of night
practice in favor of daylight practice would be advantagecus, but it does mean that a
considerable portion of the training couid be held in the daytime with positive results.

Comparison of Old and New BRM Programs

The primary purpose of Experiment 16 was to furnish a “shakedown’ run for the
new Basic Rifle Marksmanship Program developed by the Rifle Marksmanship Evalu-
ation Study Group.® However, the data derived from {lis trial run offer an
opportunity for consideration of the total effect of the changes introduced into the
progeam as a result of Phase 1 of the MARKSMAN rescerch.

Comparisons of the old and the new program based upon these data must be
treated with caution because:

(1) Weapons Department personnel, rather than the normal cadre, were used
as instructors for the administration of the new BRM program, but the
regular cadre were used in the administration of the old BRM program.

(2) The data for the old BRM program were gatheied at Forts Gordon and
Jackson (the only training centers which commonly used the M16 rifle at
that time), while the new BRM program was administered at Fort
Benning.

However, the differences between the hit probabilities achieved with the new and with
the old BRM programs are sufficiently great to lend considerable support for the new
program (Figures 18 and 19). Another experiment will furnish a more valid compari-
son. In it, the old program conducted by the regular cadre at a training center will be
compared with the new program after it is installed and running.

‘Two earlier experiments were also conducted by the MARKSMAN working group as “shikedown'”

runs far the new BRM program. Beeause of the preliminary nature of those runs, they are not reporled

here.
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Appendix A

EXPERIMENT 1: SEQUENCE OF QUICK-FIRE TRAINING IN
BASIC RIFLE MARKSMANSHIP TRAINING

OBJECTIVE

The primary objective was to determine the proper sequencing of Quick-Fire training
in the Basic Rifle Markemanship (BRM) program. The question was “Should Quick Fire
be taught early or late in BRM?"”

METHOD

Subjec*s

Five BRM companies from Forts Jackson, Gordon, Lewis, and Bliss were selected
for this experiment. The data from 2,938 men were analyzed.

Procedure

The trainirg centers at Forts Le.wis and Bliss customarily gave Quick-Fire training
early in the BRM program, and at the time of this experiment wcre using the M14 rifle.
Forts Jackson and Gordon customarily gave Quick-Fire training late in the program and
used the M16 rifle. Irx order to eliminate any bias due to prior sequencing, the companies
at each post were assigned to experimental and control groups according to the following
desiqn:

. Cuick Fire Test
Customary Sequeacing
of Quick-Fire Training Early Late
A B
Eariy Lewis/Bliss Control Lewis/Bliss Experimental
C D
Late Jackson/Gordon Experimentat Jackeon/Gordon Contro!

At each post, two BT companies were assigned to the experimental group and two
to the control group, and one was designated as a rehearsal company. The rehearsal
company was used to train the cadre in the research procedure. The experimental group
was the group trained in Quick Fire in a location different from the normal for that fort.
This was an independent groups design.

Since the M16 rifle was not available in sufficient quantity for Forts Lewis and Bliss
there was no way to completely eliminate this variable in its interactive effect. However.
this should have had no impact upon the “Quick-Fire Test™™ main effect.
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Three measures were obtained:
(+) Number of hits
(2) Number of no-fires
(3) Number of misses
Each of these three measures were obtained for:
{1) Aimed supported fire
(2) Aimed unsupported fire
(3} Quick Fire
The measures of aimed supported and aimed unsupported fire were obtained from
the normal record fire in BRM. The Quick-Fire measure was obtained by the use of a
special criterion test that imposed a shorter time limit.

RESULTS

Tables 1-1, 1-2, and 1-3 provide the analyses of variance tables for supported fire,
unsupported fire, and Quick Fire respectively. Similarly, Table 1-4 provides the means for
supported fire, unsupported fire, and Quick Fire respectively. The lack of significance in
the “Quick-Fire Test” dimension for hits, misses, and no-fires for both supported fire and
unsupported fire indicates that the placement of Quick-Fire training in the current BRM
program in BCT has no effect upon aimed fire either in the supported or unsupported
mode.

However, there was a significant difference in the “Quick-Fire Te-.’* dimension in
the Quick-Fire criterion test. Those who had Quick Fire after the regular BRM program
performed better on Quick-Fire targets. While there is nothing in the experiment to
indicate why this is so, it is possible that the Quick-Fire skill deteriorates rapidly, and
that the relative superiority of those trained on Quick Fire late in the regular BRM
program was due to their being in a more recent position on the forgetting curve. On the
other hand, it is possible that the weapon familarity gained from the training on aimed
fire greatly assisted in learning the Quick Fire techniques,
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Table 1-1

Effects of Quick-Fire Training Sequence for Supported Fire:
Analysis of Variance

s Number of Hits Number of Misses Number of No-fFires

M ot [ ms [ F [e | @ ms | F o | o] ms ]| £ o
Quick-Fire '

Training

Late (A} 1 0.01 <1 NS 1 6.12 1.92 NS 1 462 6.09 <.05
Quick-Fire

Training

Early (B} 1 8792 27.71 <.0M 1 19349 6087 .001 1 2438 3217 <.001
Interaction

{AB) 1 002 «1 NS 1 6.21 195 NS 1 427 5.63 <.05
Error 2955 3.17 2955 318 2927 0.76

Table 1-2
Effects of Quick-Fire Training Sequence for Unsupported Fire:
Analyses of Variance
Number of Hits Number of Misses Number of No-Fires
Source .
dilMSlFlp d!!MSTF1p deMS F P

Quick-Fire
Treining
Late (A} 1 20.14 1.54 NS ¥ 29080 1851 <00 1 1242 367 NS
Quick-Fire
Training
Early (B) 1 97949 2249 <001 { 102.61 6.53 <.05 1 14597 4i8.02 <.00
AB 1 528 <1 N3 1 4Nn55 300 <00 1 7097 2095 <.001
Error 2981 13.51 2981 15N 21N 3.39
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Table 1-3

Effects of Quick-Fire Training Sequence for Quick Fire:
Analyses of Variance

Number of Hits Number of Misses Number of No-Fires
Scurce e
dIiMS rF Lp dof IMS —l F [ P df [MS l F ]p

Quick-Fire

Traininy

Late (A) ] 40.34 720 <.01 1 2644 6.05 .05 | 043 <i NS
Quici -Fire

Training

Early (B} | 3.02 1.49 NS 1 173201 394.26 .00 1 62.63 73.04 <001
AB 1 75.59 14.05 <.001 1 11.14 2.55 NS ] 1.85 2.16 NS
Error 2948 5.38 2946 4.37 2943 0.86

Table 1-4

Effects of Quick-Fire Training Sequence: Means

F

Experimental Sequencing of Quick-Fire Training

Customary Sequencing of ; ] .
Quick-Fire | Number of Hits Number of Misses Number of No-Fires
Earlyj Late Early Late Early 1 Late
Supported Fire
Early 3.31 3.31 4,05 4,23 0.49 0.49
Late 3.66 3.65 3.63 3.62 0.59 0.75
Unsupported Fire
Early 8.08 8.16 11.73 10.31 0.62 0.80
Late 914 9.39 10.56 10.73 2.30 1.87
Quick-Fire
Early 6.69 6.60 411 4.04 0.27 0.34
Late 6.47 7.03 2.70 2.38 0.61 0.659
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Appendix B

EXPERIMENT 2: EFFECT OF WEARING COMBAT EQUIPMENT
DURING MARKSMANSHIP TRAINING

OBJECTIVE

In order to obtain an indication of the usefulness of wearing helmet and web gear
equipment, a test of the effect upon Record Fire 1 and 2 was conducted. [n the original
TRAINFIRE documents, it vas suggested that one means of maintaining battlefield
fidelity during marksmanship training would be to have the men wear the helmet and
web gear. This had not been *ested. While the wearing of the :quipment prebably does
increase battlefield fidelity, it also may create obstructions to learning in the carly stages
of marksmanship training. Whether the overall ef”:ct is positive or negative is an open
question.

METHOD

Subjects

One-hundred-eighty-three students from two companies of troops in BCT at Fort
Jackson participated.

Procedure

This was a one-dimensional, three-level test to determine whether wearing the helmet
and web gear during Basic Rifle Marksmanship training had a positive effect upon
training. The groups tested were:

(1) No web gear worn during training

(2) No web gear worn during the first half of training

{3) Web geer worn during the entire training period
This v:as an indepen-lent y'oups design. After the men were trained in accordance with
their grouping, all of them fired for record while wearing *he helmet and web gear.

RESULTS

Table 2-1 provides the analyses of variance for target hits, misses, and no fires
respectively. Two me 1 from Group 2 and four from Group 3 were eliminated at random
in order to have equal numbers for the analyses. Table 2-2 provides the means for all
three groups for all three criteria. There was no significant difference among the three
groups for any of the three criteria.

33
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Table 2-1

Effects of Wearing Combat Equipment During Marksmanship Training:

Analyses of Variance

Number of Hits Number of Misses

Number of No-Fires

d{]MSIFI[

Source ,
deMSJFIp dflMSlFJp p
Total 182 90.t 182 1156 182 19.5
Hits 2 103 1.14 NS 2 1710 149 NS 2 180 <1 NS
Error 180 90.0 180 1149 180 19.6
Table 2.2
Effects of Wearing Combat Equipment During
Marksmanship Training: Means
Criteria
Groups
Hits Misses No-Fires
No web gear worn during training 52.75 36.56 6.77
No web gear worn during first
half of training 63.19 36.50 6.33
Web gear worn during entire
training period 51.20 37.64 5.74

Q
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Appendix C

EXPERIMENT 3: EFFECTIVENESS OF THE PUPIL-COACH IN
BASIC RIFLE MARKSMANSHIP TRAINING

OBJECTIVE

The primary objective of this experiment was to determine whether the pupil-coach
makes a significant contribution to learning in Basic Rifle Marksmanship. The pupil-coach
has been used traditionally as a teaching assistant during 25-meter firing in the BRM
program. If it were to be shown that he makes no significant contribution, this student
time would become available for other uses.

METHOD

Subjects

One basic combat training company of 206 men from Fort Gordon participated in
the test.

Procedure

The company personnel were assigned to odd and even roster numbers, The even-
roster-numbered personnel f{ired each of the normal 25-meter firing exerciscs with the
assistance of a pupil-coach, and performed as pupil-coaches. The odd-roster-numbered
personnel fired these exercises without a coach., All students received the same formal
instructions, including instruction on coaching duties. It was explained that they wure
participating in a test and that only hall of them would have the opportunity to act as a
coach. The test criterion was peiformance in Record Fire 1 and 2.

RESULTS

The mean record fire scores were 49.09 for the With-Coach and 19.91 for the
Without-Coach groups. Tests of significance yielded s of .728, .200, and .179 for hits,
misses, and no-fires, respectively. With 204 degrees of free lom, none of these is signifi
cant. Apparently, whether or not a man receives coaching from a pupil-coach on his
25-meter firing has no significant effect on his performance in Record Fire 1 and 2.

Q s
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Appendix D

EXPERIMENT 4: THE DEFINITION OF THE INTERACTION OF THE
FIRING POSITION, FIRING METHOD, FIRING MODE, DISTANCE,
AND TYPE OF SIGHTS IN COMBAT MARKSMANSHIP

OBJECTIVE

Training in combat rifle marksmanship should be based upon a thorough knowledge
of the optimal firing technique for any combat situation. The optimal technique can vary
as the combat situation varies. For example, it is gencrally true that aimed fire is more
precise than pointing, unaimed fire, but that pointing. unaimed fire has a speed
advantage.

Logically, for a given target size, there should be a distance within which pointing,
unaimed fire would yield a more rapid target hit, and beyond which aimed fire should
yield 2 more rapid target hit. This ¢xperiment attempted to define that transition
distance as well as the interaction of the other parameters under investigation.

METHOD

Experimental Variables

The four variables thal were examined . this study, along with the levels of each,
were;
A. Firing Position
1. Prone supported
2. Prone
3. Kneeling supported
4. Kneeling
5. Standing
B. Firing Mcthod
1. Quick Fire
2. Coarse aim
3. Precision aim
C. Firing Mode
1. Semiautomatic |
2. Automatic (three-round bursts) |
D. Distance
1. 25 rmacters
2. 50 meters
3. 75 meters
4
5

. 150 meters

. 175 meters

G. 275 meters
All men fired all firing positions. firing modes. and designated distanees. Three independ-
ent groups were required for the three firing methods. The only distinction between
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coarse aim and :cc sion aim was that in coarse aim the men were told to fire as soon as
the target was lined up on their sights, thereby paying less attention to the eight steady
hold factors taught in marksmanship.

Subjects

Thirty subjects were used for each of the three firing methods, so that 90 men were
required. Students from the Noncommissioned Officer Candidate School at Fort Benning
were obtained as subjects.

Counterbalancing

Since all men were exposed to all combinations of three of the variables being
studied (firing position, firing mode and distance}, it was necessary that these variables be
presented in a fashion that minimized any cumulative effect due to the order of
presentation. The counterbalancing of four sequences of firing position and firing mode is
shown in Table 4-1. Within practical limitations, distance of targets was randomized for
cach combination of position and mode. Also for a given mode, all of the positions were
tested before the next mode was exaniined. Subject Number One began in Position A and
Mode 1. Three target distances were presented to him once in random order. He then
moved to Position B where three target distances were again presented in random order.
This continued until he had fired all positions for Mode 1. He then fired Mode 2 through
all positions in a similar manner-

Criteria

Three criteria were used:

(1) Time elapsed from target presentation to first hit
(2) Number of rounds fired to obtain the first hit
(3) Time per round fired

The first criterion measure is the most important, since the speed with which the
enemy is hit is of primary importance. The second criterion is valuable secondary
information, and the third is a good indication of ammunition usage when compared to
the first two criteria.

[
Procedure

Each day nine different men (three fro.n each of the three independent groups)
reported to the range at 0800 hours. Each of the three-man groups received separate
instruction and practice on their respective types of firing. Two hours were allocated for
this instruction and zero fire. On the first day, all subjects fired the position order and
mode order of Day 1 in Table 4-1. The three menmbers of each of the independent groups
fired in the same order. The order in which these groups were run was counterbalanced,
again to eliminate any order effects (Table 4-2).

The experiment was run in a manner which allowed for ample rest during natural
breaks. For example, on Day 1, Group 1 assumed the firing position first; they fired the
semiautomatic mode first, firing the 25-, 75., and 175-meter distances in random order
for each position before proceeding to the next position. When this had been completed.
they retired and the second group did the same. When all three groups had fired this
combination, Group 1 moved 25 meters forward of the firing line and fired the same
position order in the semiautomatic mode for the 50-, 150-, and 275-meter targets. This
arrangement continued until all positions at all distances had been fired in both modes by
all groups. Thus, each of three groups assumed the firing position four times. The only
exception to this was the Quick-Fire group which did not fire at distances greater than
75 meters.
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RESULTS

Analyses of variance were conducted on all three of the criteria for each of the six
distances separately, yielding a total of 18 analyses. The conclusions drawn from these
analyses are sumrnarized in Table 4-3. The analysis of variance tables themselves are given
as Tables 4-4 through 4-6, Means for the time to first hit, iime per round, and rounds per
target criteria are presented in Tables 4.7 through 4.9.

Quick» Fire yields a significantly slower time to first hit than aimed fire at all but
tae 25 meter distance. At the 25 meter distance, Quick Fire was slower than aimed fire,
but not significantly so. This was true in spite of the fact that Quick Fire is faster than
ainied fire in time per round at all three distances tested. Thus, subjects using the Quick
Fire firing method fired more rapidly with fewer hits per round, using more ammunition
with less results at all ranges tested. At the intermediate ranges (150 and 175 meters),
coarse aim was faster in time per round than precision aim, but was not significantly
faster in time fo first hit, and it did not use significantly more ammunition. Therefore,
this finding is of little functional significance.

Semiautomatic fire yields a significantly faster time to rirst hit than automatic fire
from some distance within 150 meters to all distances beyond. At no distance is
automatic fire superior iu time to first hit to semiautomatic fire. Naturally, automatic fire
uses more ammunition with a faster time per round than semiautomatic fire.

The kneeling supported position generally yields a more rapid time to first hit out
to approximately 200 meters. Beyond 200 nieters the prone supported position appears
to yield a more rapid target kill. The kneeling and the prone supported positions are
approximately equal in ammunition expenditure per target kill.

Table 4-1 Table 4-2
Counterbalancing of Four Sequences of Counterbalancing of
Firing Positicn and Mode® Group Firing Order®
Day Firing Position Order Firing Mode Order Day ] Group Firing NDrder
1 abcde 12 1 123
2 edcba 12 2 132
3 cbaed 12 3 213
4 deabe 12 4 231
5 abcde 21 5 312
6 edcba 21 6 321
7 cbaed 21 7 123
G deabe 21 8 321
9 abrde 12 9 123
10 edcba 21 10 32
aﬂi 1g Position Eling Mod_g 3Firing Method:
a. Prone supported 1. Semiautomatic 1. OQuick Fire
b. Prone 2. Two or three round burst 2. Coarse aim
¢. Kneeling supported 3. Precision aim
d. Kneeling
e. Standing

O
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Table 4-3

Summary of Tests of Significance for Conclusions, by Range a g
Range
Conclusions N thele'rs)
25 ] 50 l 75—I 150 L175 I 275
—_— . - —— — R 4
1. Kneeling supported position yields most
rapid time to first hit. 001 NS .05 001 .05 cl
2. Quick Fire yields slower time to first hit
than aimed fire. NS .001 .001 NA NA NA
3.  Semiautomatic yields faster time to first
hit than automatic. NS NS NS .01 .001 .001
4. Prone supported position yields fatest
time to first hit, Cl Ci Ci Ci Ci 0
5. Quick Fire faster in time per round, with -
coarse 3im second. .001 .001 .001 NA NA NA
6. Kneeling supported or unsupported gives
faster time per round {supported usually
taster). 001 .05 .05 Kt NS Cl
7. Coarse aim faster than precision aimin
time per round. Cl Ci Cl .01 .01 NS
8. Onsemiautomatic, standing yields faster
time per round; on automatic, kneeling
supported does. Cl o] Ci Cl Cl 05
9. Automatic uses more ammunition and yields
faster time per round than semiautomatic. .001 .001 .001 .001 .001 001
10. Quick Fire uses more ammunition than
aimed fire. .001 .001 .001 NA NA NA
11, Quick Fire uses proportionately more
ammunition on autematic than do aimed
fire metho ds. .01 Ci Cl NA NA NA
12. Kneeling position uses less ammunition. .05 o NS .01 NS cl
13.  Prone supported position uses fess ammuni-
tion, with kneeling supported second. (o} .01 NS Ci NS N
14. There is a proportionately smaller penalty
for using automatic with Quick Fire than
aimed tire. However, Quick Fire on automatic
still uses more ammunition than aimed fire. Cl .05 .01 NA NA NA
20n sermiautomatic only. NS =  Not signficant
NA= Not applcadle
€l = Contraindicated by another conclusion
O
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Table 44

Time to First Hit by Range: Analyses of Variance

Range/Source

| R N

25 Meters
Between Subjects Analysis

Method (A)
Error (A}

Within Subjects Anafysis

Mode (B}
Position {C)

AB

AC

8C

ABC

Error (8 + AB}
Error {C + AC)
Error {(BC + ABC)

59 Meters
Between Subjects Analysis

Method (A)
Error {A)

Within Subjects Analysis

Mode (8)
Position (C)

A8

AC

BC

ABC

Error [B + AB)
Error [C + AC)
Error {(BC + ABL)

75 Meters
Between Subjects Analysis

Method (A)
Error {A)

Within Subjects Analysis

Mode (B)
Pasition (C)

AB

AC

BC

ABC

Error (B + AB)
Errar {C + AC)
Error (BC + ABC)

0o ON D

348
348

L Q0 M) Dn aw

8

87

348

348
Continued

19

18.10
10.24

3.07
11.61
220
3.26
4.60
5.55
2.52
2.48
2.85

110.93
13.20

0.35
9.70
7.93
4.27
2.57
8.65
9.65
5.16
4.68

507.64
37.14

59.55
1353
- 6.88

7.26
24.85

7.63
15.47
11.96
10.1

1.2q
4,68
<1
1.32
1.61
1.95

8.40

<1
1.88

<1

<1

<1
185

13.67

385

113
<1
<1

2.46
<1

NS

NS
<.001
NS
NS
NS
NS

<ol

NS
rS
NS
NS
NC
NS

<.001

NS
NS
NS
NS
<.05
NS




Table 4-4 {Continued}

Time to First Hit by Range: Analysis of Variance

Range/Source L df J MS | F —L P

150 Meters
Between Subjects Analysis
Method (A} 1 251.81 2.97 NS
Error {A) 58 63.38
Within Subjects Analysis
Mode {B) 1 387.05 10.34 <0
Position {C) 4 336.68 9.82 <.001
A8 1 11.07 <1 NS
AC 4 23.03 <1 NS
8¢C 7 18.23 <1 NS
ABC q 55.35 2.15 NS
Error (B + AB) 58 37.42
Error {C + AC) 232 34.30
Error {(BC + ARC) 232 25.80
175 Meters
Between Subjects Analysis
Method (A} 1 11.18 <1 NS
Ercor (A) 58 66.14
Within Subjec.s Analysis
Mode (B) 1 42353 15.85 <.001
Position (C) 4 83.47 3.15 <.05
AB 1 445 <1 NS
AC 4 25.54 <1 NS
BC 4 30.68 1.01 NS
ABC 4 957 <1 NS
Errar (B + AB) 58 26.23
Error {C + AC) 232 26.51
Error {BC + ABC) 232 30.40
275 Meters
Between Subjects Analysis
Method {A) 1 116.87 1.21 NS
Esror (A} 58 96.43
Within Subjects Analysis
Mode (B} 1 865.92 16.00 <.001
Position (C} 4 204.05 4.30 <01
AB 1 6.41 <1 NS
AC 4 24.23 <t NG
BC 4 34.21 <1 NS
ABC 4 30.59 <t NS
Ercor (B ¢+ AB) 58 5413
Ertor (C + AC) 232 47.42
Error (BC + ABC) 232 4493
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Table 4-5

Time pet Round, by Range: Analyses of Variance

]
b

Range/Sonrce r df ] MS i F J p
25 Meters
Between Subjects Analysis
Method (A} 2 6.93 9.94 <.001
Error {A} 37 0.70
Within Subjects Analysis
Mode (B) 1 25256 608.24 <.001
Pasition (C) 4 1.15 4.63 <.001
AB 2 1.42 3.42 <.05
AC 8 0.46 1.85 NS
BC 4 0.16 <1 NS
ABC 9 0.16 <t NS
Error (B + AB} 87 0.42
Error {C + AC) 348 0.25
Error {BC + ABC) 348 0.21
60 Meters
Between Subjects Analysis
Method (A} 2 21.97 19.23 <.001
Error {A) 87 1.14
Within Subjects Analysis
Mode (B) 1 290.41 548.24 <.001
Position {C) 4 0.59 2.38 <.05
AB 2 10.12 19.11 <.001
AC 8 0.43 1.77 NS
BC 4 020 <1 NS
A8C 8 0.24 1.05 NS
Error (B + AB) 87 0.53
Error [C + AC) 348 0.25
Error {B + ABC) 34§, 0.23
75 Meters
Between Subjects Analysis
Method (A) 2 31.15 26.17 <001
Error {A) 87 1.19
Within Subjects Analysis
Mode (B) 1 379.13 696.61 <.001
Position {C) 4 0.64 2.84 <.05
B 2 5.44 10.00 <.001
AC 8 0.16 <1 NS
BC 4 0.7% 2.58 <.05
ABC 8 0.24 <1 NS
Error (B + AB) 87 0.54
Error (C + AC) 348 0.22
Esror {BC + ABC) 348 0.28

{Continued)




T-4le 4-5 (Continued)

Time per Round, by Range: Analyses of Yariance

- Range/SoL.ce [ df [ Ms I F o

150 Meters
Between Subjects Analysis
Method (A) 1 32.10 9.77 <01
Error {A) 58 3.29
Within Subjects Analysis 1
Mode {8) 1 562.70 447.86 <001 g
Position {C) 4 2.18 413 <01 g
AB 1 8.8 697 <05 3
AC 4 0.15 <1 NS 4
BC 4 099 203 NS 3
ABC 4 0.25 <i NS
Error (B + AB) 58 1.26
Error (C+ AQ) 232 0.53 ]
Error BC + »:8C) 232 0.49 3
175 Meters g
Batween Subjects Analysis 3
Method {A} | 13.37 7.44 <01
Error (A) 58 1.80
Within Subjects Analysis
Mode {B) 1 514.37 616.42 <.001
Position {C) 4 0.87 1.54 NS
AB 1 2.88 3.45 NS
AC 4 1.22 217 NS
BC 4 1.20 2.38 <.05
ABC 4 0.49 <1 NS
Error (B + AB) 58 0.83
Error {C + AC) 232 0.56
Error {(BC + ABC) 232 0.50
275 Meters
Between Subjects Analysis
Method (A} 1 13.39 3.0 NS
Error {A) 58 4.39
Within Subjects Analysis
Mode (B) 1 62497 32143 <.00§
Position {C}) 4 0.45 <1 NS
AB 1 EAR 366 NS
AC 4 1.20 240 <.05
BC 4 043 <1 NS
ABC 4 0.34 <1 NS
Error (B + AB} 58 1.94
Etror {C + AC) 232 0.50
Etror (BC + ABC) 232 0.52
)
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Table 4-6

Rounds to First Hit, by Range: Analyses of Variance

Range/Source

25 Meters

Between Subjects Analysis

Method (A)
Ecror {A)

Within Subjects Analysis
Mode (B)
Position (C)
AB
AC
BC
ABC
Error (B + AB)
Eccor (C + AC)
Error (BC + ABC)

50 Meters

Between Subjects Analysis

Method {A)
Error (A)

Within Subjects Analysis
Mode (8)
Position {C)
AB
AC
BC
ABC
Error {B + £B)
Error {C + AC)
Errcr {BC + ABC)

75 Meters

Between Subjects Analysis

Method {A}
Error (A)

Within Subjects Analysis
Mode (B)
Position {C}
AB
AC
BC
ABC
Error (B + AB)
Esror {C + AC]
Error {8C + ABC}

J af 1— Ms J F o

2 76.09 14.70 <001
87 5.18
1 B14.156 371.26 <.001
4 511 2.45 <05
2 15.02 6.85 <M
8 2.68 1.29 NS
4 5.63 2.60 <05
8 5.46 252 <01
87 2.19

348 2.08

348 217
2 333.79 31.10 <.001
87 10.73
1 1334.68 195.74 <.001
4 17.12 4.3 <01
2 29.14 4.27 <05
8 6.02 1.49 NS
4 619 151 Ng
8 6.28 1.54 NS
87 6.82

348 4.05

348 4.09
2 812.71 33.29 <001
87 24.41
1 2809.00 182.16 <.001
4 1.61 <1 NS
2 75.01 486 <0l
8 4.32 <1 NS
4 3.33 <1 NS
8 6.74 <1 NS
87 15.42

348 861

348 7.74

(Continued)
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Table 4-6 {Continued)

Rounds to First Hit, by Range: Analyses of Variance

Range/Sour ce T dr
1650 Meters
Between Subjects Analysis
Method {A) 1 0.96
Error {A) 58 21.59
Within Subjects Analysis
Mode (B) 1 4150.14
Position (C} 4 55.69
AB 1 2.16
AC 4 23.43
BC 4 15.14
ABC 4 34.26
Error {B + AB) 58 17.99
Etrror (C + AC) 232 1434
€rror (BC + ABCI 232 1241
175 Meters
Between Subjects Analysis
Method {A) 1 29.93
Error {A) 58 28.42
Within Subjects Analysic
Mode [B) 1 4537.50
Position {C) 4 27.29
AB 1 6.83
AC 4 5.44
8c 4 10.71
ABC 4 5.86
Error (B + AB) 58 22.96
Error (C+ AC} 232 13.05
Error {(BC + ABC) 232 14.15
275 Meters
Between Subjects Analysis
Method (A) 1 17.34
Error (A} 58 30.49
Within Subjects Analysis
Mode {B) 1 7518.96
Position (C} 4 8383
AB 1 5.23
AC 4 1059
BC 4 2312
ABC 4 11.61
Error (B + AB) 58 2355
Error {C + AC) 232 16.38
Error (BC + ABC) 232 17.16

T v [ ¢ |

<1

230.67
388
<i
1.63
1.22
2.76

1.05

197.60
2.09

<1

<1

<1

<1

<1

319.30

5.12
<i
<1

1.35
<t

NS

<.001

<M
NS
NS
NS

<05

NS

<.001
NS
NS
NS
NS
NS

NS

<.00
<.001
NS
NS
NS
NS
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Table 4-7

Time to First Hit, by Firing Position, Method, and Mode

fseconds)
Quick Fire Coarse Aim Precision Aim
Position T — SE—
Semizuilomatic | Aulomatic Semiautomtiill\utcmaﬁc Semiautomatic | Automatic
Standing
25-75 meters 4.00 an 3.05 3.28 3.04 3.16
160-275 meters NA NA 8.30 8.92 8.96 9.7
Kneeling Supported
25-75 meters 3.63 4.42 3562 379 2.81 2.86
150-275 meters NA NA 5.95 8.01 6.99 8.71
Kneeling
2575 meters 4.04 4.25 2.82 3.10 3.02 328
150-275 meters NA NA 6.55 9.31 7.67 8.81
Prone-Supported
25-75 meters 5.15 4.08 3.26 3.36 3.31 3.34
150-275 NA NA 6.85 8.67 7.33 9.58
Prone
25-75 meters 4.56 4.37 3.02 2.94 3.09 3.23
150-275 meters NA NA 8.13 9.95 9.29 13.30
Table 48
Time per Round, by Firing Position, Method, and Mode
{seconds}
Quick Fire Coarse Aim Precision Aim
Position — e {
Seminutomatic | Automatic | Semiautomatic | Automatic Semiautomaticl Auromatic
Standing
25-75 meters 1.63 RA| 213 .86 2.34 .83
150-275 meters NA NA 283 1.07 3.55 1.23
Kneeling Supported
25-75 meters 165 .79 2.04 81 2.23 96
150-275 meters NA NA 287 1.1% 3.24 1.26
Kneeling
25-75 meters 1.53 .68 209 .96 2.25 1.00
150-275 meters NA NA 2.74 1.06 3.39 1.31
Prone Supoorted
25-75 meters 1.69 .76 2.28 .98 225 1.06
150-275 meters NA NA 3.08 1.28 3.4% 1.33
Prone
25-75 meters 1.62 17 2.19 45 244 1.01
150-275 meters NA NA 290 1.15 3.55% 1.36
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Table 4-9

Rounds per Hit, by Firing Position, Method, and Mode

Quick Fire Coarse Aim Precision Aim
Position
Semiaulomatfll\utomatic Semiautomaticl:utomalic Semiautomaticl Automatic

Standing

25-75 meters 2.70 6.71 142 4.00 1.36 371

160-275 meters NA NA 2.84 9.09 2.67 8.39
Kneeling Supported

25-75 meters 2,26 5.87 1.37 3.78 1.24 3.21

150-275 meters NA NA 2.39 8.28 2.14 1.37
Kneeling

25-75 meters 2.58 5.9¢0 1.34 3.47 1.35 3.70

150-275 meters NA NA 2.30 8.83 2.18 .49
Prone Supported

25-75 meters 2.87 5.39 140 378 1.36 3.34

150-275 meters NA NA 224 7.58 2.16 7.44
Prone

25-75 meters 266 6.03 1.38 351 1.21 3.36

150-275 meters NA NA 2.75 8.94 267 10.39
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Appendix E

EXPERIMENT 5: EVALUATION OF THE USE

OF COMPETITIVE MARKSMEN AS ASSISTANT INSTRUCTORS
IN BASIC RIFLE MARKSMANSHIP

OBJECTIVE

Basic rifle marksmanship in the U.S. Anny is, of nrecessity, a mass-production
training program. The present program places a severe time limitation upon the instruc-
tion. The objective of this experiment was to determine whether the use of competitive
marksmen rather than the cadre, as at present, as assistant instructors in the BRM
program would improve marksmanship within the time limitations of the program. A
secondary objective was to determine whether additional assistant instructors would
improve training when no increase in training time was allowed.

METHOD

Experimental Variables

This was an independent groups design. The variables studied in this experiment
were:

A. Assistant Instructors (Al)
1. Competitive marksmen
2. Company cadre

B. Ratio of Als to Trainees
1. 1/15
2. 1/10
3.1/5

Subjects

Three basic trainee¢ companies, of 200 men each, from Fort Gordon were used as
subjects. The division of these three companies into expecsimental groups is presented in
Table 5-1. Since the number of groups for each trainer:trainee ratio was held constant,
the numbers of men in each group were different,

Procedures

The experiment was conducted during periods 5 through 10 and period 15 of BRM
according to Aimy Subject Schedule 2%-71.' The following regulations were established
for the conduct of the test:

{1) The groups having conipetitive marksinen as trainers all fired from the
left-hand side of the range. Those having company cadre trainers all fired from the
right-hand side of the range.

! Department of the Army. Rifle Marksmanship. Army Subjecl Schedule (ASubjSed) 23-71, Washing.
1on, 20 October 1966, (with Changes 1, 2, and 3).
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(2) Five competitive marksmen and five company cadre were used as assistant
instructors. Within these two groups, the assistant instructors were rotated so that the
same subgroup was taught by the same assistant instructor once every five periods.

(3) There were 100 [liring points on the range. Each company was divided into
two firing orders, and each firing order contzined one-hall of that conipany’s allotment
of each subgroup, making a total of six firing orders.

{(4) All lecturing insiruciion was presented by

Comniittee Group.

the Army Training Center

RESULTS

These data were amepnable to 2 two-by-three-way analysis of variance with inde-
pendent groups having proporticnal but unequal numbers of subjects per group. Three
such analyses would have heen required, one cach for the hits, miss, and no-fire criteria.
However, since analysis time was at a premium. the number of subjects was reduced to
80 per group by the random eclimination of subjects from the larger groups. An analysis
o! variance was then conducted on the hit criterion. The summary table for that analysis
is given in Table 5-2, whilte tie means are presented in Table 5-3. It was concluded that,
under the pressure of the time restrictions imposed by the present BRM course, neither
an increase in the experience of the assistant instructors nor an increase in their numher

had a significant impact upon marksmanship scores,
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Table 5-1

Number of Experimental Groups per Company

Assistant Instructors
Corapetitive Marksmen Company Codre
Trainee Company -
Trairer-Trainee Ratio Trainer-Trainee Ratio
1/45 ‘ 1/10—[ 115 1/15 I 1/10 [ 1/5
1 4 2 4 4 2 4
‘ 4 2 4 4 2 4
2 6 2 2 6 2
Table 5-2
Effects of Use of Assistart Instructors:
Analysis of Variance
Source I df l MS F T P
Trainer-Trainee Ratio 2 7.3 <1 NS
Instructors 1 36.75 <1 NS
Interaction 2 18.56 <1 NS
Error 289 76.96

Teble 5-2

Eftects of Use of Assistant Instructore:
Group Means fur Hits

' Assistant Instructors

Trainer-Trainee Ratio Marksmanrhip

Training Unit Cadre
R MTU) _
1/15 40.14 39.3¢
1/10 41.48 40.06
/8 39.66 39.86
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Appendix F

EXPERIMENT 6: EFFECT OF ADDITIONAL BB GUN
TRAINING ON NIGHT FIRING

OBJECTIVES

The primary objective of this experiment was to assess the value of providing a
one-hour, night practice period with the standard air rifle at miniature ground targets
prior to night record fire. The effect of placing white tape longitudinally along the barrel
as a field-expedient visual aid, and the relative merit of the knceling unsupported and

prone supporied positions were also studied.

METHOD

Experimental Yariables
This was a three-dimensional, two-by-two-by-two, independeat groups design. The
three dimensions and treatments within each woere:

A&, Tape
1. Present
2. Absent

B. Position
1. Kneeling unsupported
2. Prone supported
C. Extra BB Gun Praclice
1. Present
2. Absent

Subjects

The members of one BCT company {192 trainees) from the Infantry Training Conler
at Fort Jackson were used as subjects. This provided 24 men for cach of the eigiil
combinations of experiment conditions.

Procedures
This experiment was conducted completely within Basic Rifie Marksimanship Period
20 according 1o training text 23-71-1, with these modifications:

(1) The class on principles and technigues used Quring periods of limited
visibility was taught during daylight hours immediately preceding night firiug.

(2) Those men who received extra BB gun training were allowed to praelice
with the BB gun for one hour, uzing vo mote than eight magazines of 30 BBs each. This
practical exercise was conducted after the end af evening nautical twilight, The air ritle
firing was conducted using standard, miniature ground targets at ranges of five metlers or
less, as the limit of visibility «’ctated.

O
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In order to assist the firer in determining the effectiveness of his shots, a
piece of wood was placed immediately beneath the targets in such a manner that a low
shot produced a clearly audible sound. The standard targets were small metal silhouettes
that produced a distinctly different sound when struck by a BB.

(3) The service weapon night firing was conducted immediately following the
air rifle refresher. E-type silhouette targets at 25- and 50-meter ranges were used. The
targets were painted flat black to increase their contrast with the ambient environment.
The experiment was conducted on a standard, night firing range with 100 firing points.
Half of the men fired in each of two firing orders.

The eight experiment groups were equally represented in both of the firing
orders Those who had received BB gun practice with tape on the Larrel on the BB gun
fired the service weapon with tape on its barrel. Hall of those who did not receive any
extra BB gun training fired the service weapon with the tape placed on the barrel, and
half fired without the tape. The tape used was white, one-half inch wide, and ran from
the base of the carrying handle to the top of the front sight on the M16 rifle. The test
was conducted on a moonless night. Each man fired eight rounds for practice and eight
rounds for record at each target.

RESULTS

The analyses of variance summary for the total hits at the 25- and 50-meter targets
are presented in Table 6-1. The mean number of hits at the 50-meter target are shown in
Table 6-2.

Apparently at 25 meters the target is sufficiently easy to hit that none of the
variables have an appreciable effect. The following comments apply only to the 50-mater
distance:

(1) The prone position was generally the more effective of the two positions
tested. It should be remembered however, that the prone position was supported,
whereas the kneeling position was unsupported. Thus, the position difference could be
due either to the difference between the two positions, or to the difference in the use of
support.

(2) The kneeling position without tape was more effective than the prone
supporied position with tape. The prone supnorted position without tape was more
effective than the kneeling position with tape. The use of tape was not in itself
significant.

(3} Since the group that received additional BB gun practice without the tape
was superior to those who received thie practice with tape, and since those who did not
receive the BB gun practice but used the tape during record fire were superior to those
whe did not receive the BB gun practice and did net use the tape in the record fire, it
appears that night training with the BB gun is hest conducted without the tape, but is of
little value in any event.

In the absence of night training with a BB gun, the use of tape on the
service weapon improves performance. By way ©f explanation, the use of the BB gun
requires a substantial correction in elevation to account for the trajectory of the BB. The
use of tapc on the BB gun probably increases tihe ability to make this correction.
Training in such an elevation correction would have a detrimentel effect if transferred to
the service weapon, However, if the tape is not used in the early BB gun practice, its use
with the service weapon is an effcctive field expedient.

Apparently, night firing with the BB gun is of nn benefit. The use of tape on the
BB gun then becomes a moot question. €Ca the other hand, although it is apparent that

2
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night practice with the tape on the BB gun is detrimental to performance, it is probable
that the use of tape on the service weapon at right is of some assistance, at least in the

kneeling position.

Table 6-1

Effects of BB Gun Practice at Night on Total Hits, by Range:
Anatyses of Vartance

Range/Source ] af l MS 1 £ T P

25 Meters
Tape {A) 1 14 63 2.40 NS
Position (B) 1 1.17 <3 NS
BB Gun Practice (C) 1 2.76 <1 NS
AB 1 9.53 1.58 NS
AC 1 22.01 3.62 NS
BC 1 10.65 1.73 NS
ABC 1 C.63 <1 NS
Errer 184 6.08
50 Meters
Tape (A) 1 7.93 292 NS
Position {B) ? 29.30 10.78 <.01
BB Gun Practice (C} 1 9.63 3.54 NS
AB 1 45.05 16.58 .00
AC 1 11.51 4.23 <05
BC 1 4.28 <1 NS
ABC 1 59.53 21.90 <001
Error 184 2.72
Tabiz 6-2
Effects of BB Gun Practice at Night:
Mean Hit: at 50 Meters
Extra BB Practice at Night
- Na Practice
Position Received Practice

Used Tape T No Tape

Used Tape [ No Tape

Kneeling Unsupported

Prone Supported

3.12
2.25

3.79 3.46 3.00
4.04 374 3.95
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Appendix G

EXPERIMENT 7: CENTER OF MASS VS.
ADJUSTED AIMING POINT

OBJECTIVE

Soldiers firing the M14 rifle with a 250 meter hattle sight zero are instructed to aim
below the centler of mass for any targets less than 200 meters, and to aim at the center
of mass for targets beyond 200 meters. Since most combat targels are within 200 mieters,
this means thut most combatl shots are fired aiming at the low center of raass. This
adjusted aiming point technique is necessary for the M14 rifle because of the trajectory
of that weapon. However, the MI1G rifle, with a higher muzzle velocily, has a flatter
trajectory. It seems plausible that the soldier might be able to [ire al a center of mass
alming point for all vargets within 300 meters.

METHOD

Approach

Thi- problem was attacked in two ways. First, trajectory data on the M16 rifle,
obtzined from the Abkerdeen Proving Ground, were plotted to ascertain the point of
impact predicted by the !rajectory on a man-size target at each cf 11 distances ranging
from approximately 25 to 300 meters. Second, an experiment was conducted lo
determine whether the use of cither of these aiming systems would make any difference
in firing ability as measured by performance on a record fire course,

It was recognized that the men would be very resistant to centinuing to use an
aiming point that they knew would cause them to miss the target. Therefore it was
expected that the majority would, consciously or subconsciously, readjust their aiming
point so that they would hit the target. However, since the determination of no
significant difference would allow the choice of the simpler of the two aiming techniques,
and since this would lend concrete support to the result of a theoretical analysis, the
experiment was conducted.

Experimental Variables

Five variables were examined:
A. Aiming Technique
1. Center of mass
2. Adjusted aiming point
B. Wezpen
1. M4
2. Mis
C. Targel Size
1. F silhouette
2. E silhouette
3. M silhouette
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D. Target Distance
25 meters
50 meters
75 meters
150 meters
175 meters
275 meters
300 meters
E. Position

1. Standing supported

2. Kneeling supported

3. Prone supported
Independent groups of subjects were used for the four combinations. of aiming technique
and weapon. All other variables were repeated across subjects.

RO o e

Subjects

A total of 96 students entering the Noncommissioned Officer Candidate School at
Fort Benning were used as subjects.

Apparatus

The equiprient used w1 Experiment 4 was used for this study. In addition, F-, E-,
and M-type silhouettes were situated on a three-lane range, as shown in Table 7-1. Three
firing lanes were used. Two firing lines, cne at the zero and one at the 25-meter point,
were used to reduce the total number of targets required.

Procedure

An outline of the experiment is presented in Table 7-2. The three types of
sithouettes were positioned on the three firing lanes in such a way that a man firing the
{hree lanes in succession would fire all combinations of sithouette and range. The subjects
fired in three-man orders. Position, subject number, and type silhouette were counter-
balanced. The counterbalancing of Order 1 on Day 1 is given in Table 7-3. This general
counterbalancing procedure was followed throughout. The order of presentation of range
was randomized. In addition, the second firing line was fired first every other day.

RESULTS

It was concluded, from the data, that theve probably would be no significant
difference in the most important experimental dimension—-aiming technique. The primary
interest in the other variables concerned their interaction with aiming technique. [t was
decided to compute only a single analysis of variance on one target distance to verify the
visual conclusion of no significant differences. This analysis of variance for the 25-mcter
distance is given in Table 7-4. The mean number of hits at 25 meters, by target and
weapon, and by position and aim technique, is shown in Tables 7-5 and 7-6. Although
there are significant differences between the M4 and MI16 riftes and among the three
positions tested, there was no significant differcnce between the two aiming techniques,
or in any of the interactions of the other variables with aiming technique.
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Table 7-1

Placement of Silhouettes on Range

Distances {meters}

Targets

Firing Line | Firing Line Lane Lane Lane
1 2 i 2 3
300 275 F E M
175 150 M F E
15 50 E M F
25 F E M
Table 7-2

Gutline of Experiment

Order Firing
Number Line
1 1
2 1
3 1
4 1
& 2
s 2
7 2
8 2

Method of
Aiiving

Center
Adjusted
Center
Adjusted
Center
Adjusted
Center
Adjusted

Weapon Rangas {meters) N;:::‘rsol
Mi6 25, 75, 175, 300 36
16 25, 75, 175, 300 38
M14 25, 75, 175, 300 38
M14 25, 75, 175, 300 35
M16 50, 150, 275 27
M16 50, 150, 275 27
M14 50, 150, 275 27
M14 50, 160, 275 27
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! Table 7-3

Example of Sequence of Firing for Days 1 and 52

iri Subject and Type of Target
O:der . Firing - Range
be Subjects p Position - . S— .
Number { Line ( tmetersh 7 one 1 “ Lane 2 Lane 3

1 1-3 1st A 25 1F 2E M
75 iE M 3F

175 ™ 2F 3E

300 1F 2E M

8 25 1F 2E 3M
75 1E M 3F

175 ™ 2F 3E

300 1 2E 3M

c 26 1F 2E 3M
75 1E M 3F

175 ™ 2F 3E

300 1F 2E 3M

aSequem:e of Orders Varied Daily.

Table 7-4

Effects of Aiming Point Techniques on Number of Hits
at 25 Meters: Analyses of Variance

Source J df MS [ F [ o

Between Subjects 95

Aiming technique {A) t 3.01 <1 NS
Weapon (B} 1 176.85 45.05 <01
AB 1 0.19 <1 NS

Ercor £B a2 411

Within Subjects 768

Target size {C) 2 2996 16.93 <01
AC 2 0.20 <l NS
[ BC 2 5.44 3.07 <0%
ABC 2 0.24 <1 NS

Error C 184 1.727
} Position (D) 2 118 130 <01
¢ AD 2 2.5% 2.92 NS
BD 2 5.63 6.55 <01
f ASD 2 1.19 1.38 NS

Ertor D 184 0.86
cD 4 1.60 246 <05
1 ACD a 041 <t NS
BCD 4 1.42 2.18 NS
ABCD 4 1.57 2.42 < 0%

Error CD 368 0.65

G("‘n.
; p)




Table 7-5

Mean Number of Hits, By Target and Weapon
{25 meter distance only)

Targel
Weapon Mean
e [ e [
M14 4.37 5.23 4.60 4.73
M16 5.40 5.82 5.70 5.64
Mean 4.88 5.52 5.15 6,19
Table 7-6

Mean Number of Hits, By Position and Aiming Technique
{25 meter distance only)

Position
Aimino Techniaue g e prane | Mo
Supparted | Supported [ Supported o
Center of Mass 548 5.16 5.10 5.25
Adjusted Aiming Point 5.26 5.26 4.86 5.13
Mean 537 521 4.98 519
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Appendix

EXPERIMENT 8: OPTICALLY PRCDUCED ZERO VS.
PERSONAL ZEKO

OB.JECTIVE

The objectre of this experiment was to compare a collimator produced zero with
the personal zevo. A true zero is the calibration of *he sights on a weapon so that when
thev are aligned with 2 target at a spocified range, with a specified ammunition, the
round fired hits the ai'ving point within the margin of error for the weapon. It has been
commonly believed that a weapon should nnt be fired with a true zero, but should be
zeroed by the individual doing th: chooting. According to this philosophy, the individual
eccentricities in sight alignment wnuld be ecliniinated by correcting the sight for the
individual doing lne firing.

There is considorzble logic in oppcsition to this point cf view. The man who
consistently makes an e.ror in sight alignment can eliminate this crror if the sights are
zeroed perfectly and, throuagh firing, he natices his error. However, when a man is
allowed to introduce an error into the zeroing of his weapon, learning to correct for this
orror becomes imp~2ssible because an accurate sight alignment will yield an inaccurate
shot, It is more difficuit to maintain x consistent sight alignment when the “correct™
si**t alignment is off center. Therefore, it wouid seem better to train a man to shoot
wi.n a weapor. thal is accurately zeroed before teaching the man to zero the weapon.
The present system of training the man to zero the weapon before training him to shoot
with it would seemy to insure that inaccuracies in sight alignment existing when the
training begins will have a negative effect upon the course of the training.

Prchably the main reason why trainees have not been furnished accurately prezeroed
weanons in the past is the difficulty of mass producing accurate zeros. If a weapon could
be accuratalt prezeroed using a mcechanicat andfor optical device requiring a minimum
anount of time and money, it would then b feasible to teach the soldier to shool
before lie is taught to zero the weapon. This should make the training easier and save in
ammunition required for zeroing. The optical collimator is potentially such a device. The
collimator is inserled into ithe muzzle of the weapon. Looking through the sights, a target
is seen. In centering this target in Lhese sights, the alignment of the sights is parallel to
the barrel of the weapon. The windage at this point is correct. The correction of a set
number of ciicks in elevaiion, or the alignimentl of *he sights to 4 compensatory mark on
wie coliimator will zero the weanon in elevatio. ..o . given range.

METHOD

Experimental Variables

This was a two-dimensional experiment design with these variables:
. Type of Zero
1. Personal zero
2. Collimator zero with three-round correctinn
3. Colhmator zero alone
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B. Distance
1. 50 meters
2. 100 meters
3. 150 meters
4. 200 meters

Subjects

Two tests were run. One test used 12 shooters obtained from the U.S. Army
Marksmanship Training Unit as subjects, and was a subjects-by-treatment design. The
secord test used 54 men from the Noncommissioned Officer Cendidate School at Fort
Benning. This was an independent groups design.

Procedure

The test was a simple comparison of the recoid fire scores achieved on the standard,
basic rifle marksmanship, record fire [l course. Those men firing the perscnal zero
determined their own 250 meter battle sight zero by firing the standard zeroing
technique as defined in paragraph 18 of Field Manual 23-71.'" These subjects were
allowed nine rounds to zero their weapons. All collimator zeroed weapons were zeroed
by the individual doing the firing with supervision from Army Marksmanshin Training
Unit personnel. In those cases where the final three-round shot group was allowed for
correction, the indivicual shooters fired their own shot groups.

“E” type silhousttes were used as targets, with the center of mass used us the
aiming point. The “L'" sight was not used since no targets beyond 300 meters wero
encountered. The presentation of the target distances was randomized. For the men from
the Marksmanship Training Unit, all target distances were fired for a given zeroin  © the
weapon before going on to a weapon with a different zero.

Each of the MTU subjects was assigned Lo one of the following presentation orders:

l.ach

2. bac

Jd.chba
These subjects iired all of the conditions in one day. After completing the firing of the
first weapon, each order retired. Thus, the orders were rotated through the firing line
three times, once for each zero. Two days were required for this phase of the experi-
ment. Six men fired at a time. Eight firing lanes were used. As each six-man order
retured to the firing line for their second and third presenltation, each man shifted one
space tu the right. Each six-man order was composed of three pairs of men firing
different weapon zeros on a given firing presentation. The subjects zeroed their weapons
in the order in which they were fired.

Three days were used to fire the NCOC students in the experiment. Six subjects per
day fired each of the three experiment conditions for a total of 18 subjects per day in
the experiment. Six firing lanes were used. Two subjects for each of the three experiment
groups sere on line simultancously. As this was an independent groups design, each
subject fired only one of the zero condilions.

Both the MTU and NCOC subjects received verbal instruction on zeroing procedures.
Experienced coaches from the Marksmanship Training Unit supervised the zeroing of the
weapons. All subjects fired in the semiautomnatic mode, using the MI16 rifle.

ID('p:ﬂlmcnl of the Army. Rific Marksmanship, Field Manual (FM) 23.71. Washington, December
1966.
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RESULTS

The mean number of hits on 9 target exposures for the Marksmznship Training Unit
(MTU) subjects and the Nonccmmissioned Officer Candidates {NCOC) subjecis, are
presented in Tables 8-1 and 8-2 respectively. Within the two subject groups, analyses nf
variance were conducled separately on the hit data for cach of the four distances.
Summaries of the analyses of variance 1ur the MTU personnel are provided in Table 8-3.
The same information fos the NCOC ctudents is presented in Table 8-4. None of the
analyses of the NCOC subjects was significant. For the MTU subjects, the 150- and
200-meter distances achieved statistical significance (p<.01 and p <.05 respectively), due
primarily to the inferiority of the collimator zero when the thri: rour.u correction was
not fired. Apparently. the collimator-produced zero is equal, but not superior to, the
standard personal zero when three rounds are allowed for a final correction.

Table 8-1

Mean Number of Hits on Nine Target
Exposures for MTU Subjects, by Type of Zero

Experimental Group
Distance —— - -

(Meters) Personal ollvmator Collimator
zero Tres Hoonds Zero Mean
50 8.92 8.92 9.00 8.94
100 8.68 8.83 8.00 8.47
150 8.33 8.50 5.00 7.28
200 6.25 7.658 383 5.89
Mean 8.02 8.46 6.46 7.65
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Table 8-2

Mean Number of Hits on Nine Target Cxposures
for NCOC Subjects, by Type of Zero

ERIC
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71"

) Experimentel Group
Distance Coltimator .
M } Personal A Coltimat
e Zre”’a ThzrsreongJ:ds ° 223" " Mean
50 8.67 8.78 8.50 8.65
100 7.39 7.22 6.89 717
150 6.50 5.44 5.17 5.70
200 4.44 5.17 3.89 4.50
Mean 6.75 6.65 6.11 6.5C
Table 8-3
Effects of Type of Zero on MTU Subjects, by Range:
Analyses of Variance
Range/Sourcn [ dar l MS l F J_ o
50 Meters
Subjects 1" 0.05
Treatments (A) 2 005 <1 NS
Error 22 0.C6
100 Meters
Subjects 1 .94
Tr2atment (A) 2 219 1.84 NS
Error 22 1.19
150 Metirs
Subjects 1" 6.35
Treatments (A) 2 46.78 8.74 <.0t
Error 22 5.35
200 Meters
Subjects t 3.84
Treatments (A} 2 43.36 5.69 <.05
Error 22 7.76




Table 8-4

E#fects of Type of Zero on NCOC Sutjects by "lange:
Analyses of Variance

Rarge/Source I df | MS J F ] P

50 Meters
Treatments {A) 2 .35 <1 NS
Days (B) 1 0.91 2.08 NS
Error 48 0.44

100 Meters
Treatments (A} 2 1.17 <t NS
Days (B} 1 0.02 <i NS
Error 48 345

150 Meters
Treatments (A) 2 8.91 1.53 NS
Days (B) i 8.96 1.64 NS
Error 48 5.81

200 Meters
Treatments (A) 2 7.39 1.6% NS
Days (B) 1 0.46 <1 NS
Error 4.47
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Aprendix |

EXPERIMENT 9: SEMIAUTOMATIC VS,
AUTOMATIC FIRE AT NIGHT

OBJECTIVE

In Experiment 4 it was concluded that se;niautomatic fire vzas superior to automatic
fire against visible point targets in the daytime. It was considered possible that Lhis might
be reversed against visible point targets at night. At night and under other limited
visibility conditions, the target is sufficiently indistinct and the alisnment of the sights is
sufficiently difficult that simply increasing the dispersion ard number of rounds fired by
using automatic fire rould increase the probability of a hit.

Informal contacts with the U.S. Army lifantry Board provided assurance that their
recent study had estabiished the iiree-round busst as the optimal burst size for automatic
fire with the M16 rifte, so this study of automatic fire was limited to the three-round
bu.st. However, although thiee rounds is the ideal, the actual! average burst size varies
censiderably from one incividual to anoti:er.

MET"IOD

Experimental Variables

This was an incomplete factorial subjects-by-treatments design, studying four
dimensions:
A. Mode of Fire
1. Semiautomatic
2. Automatic
B. Distance
1. 25 meters
2. 50 melers
3. 75 meters
C. Muzzle Flash
1. Silhouette {Non-flashing)
2. Flashing
D. Position
1. Prone
2. Prone supported
3. Prone with bipod
Thouse combinatione of B and C which were examined are-
A. 26-meter silhouetle
B. 50-meter silhoueltle
C. B0-neter flashing
D. 76-meter flashing
Two combinations of variables B and C were not examined. The illumination level
was starlight (no moon).
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Subjects

Subijects were 48 eirtering students from the Noncomriissioned Officer Candiuate
School at Fort Benning.

Apparatus

Three firing lanes swere used. “E’ type sithouettes were placed at 25 and 75 meters.
Flashers were positioned at about breastplate height an the 75-meter silhoueties. The
XM31 flashing targel display was used! Two firing lines were used. At the zero-point
firing line, the men fired at the 25-meter silhouette and the 75-meter flashing targets. At
a second firing line, 25 meters down range, the men fired at the 75-meter target in both
the flashing and non-flashing modes. This provided a 50-meter flashing and a 50-meter
nen-flashing target.

Procedure

A counterbalarcing of the order or presentation of the firing mode, firing position,
and firing line is picsented in Tahle 9-1. The order of target presentalion was
ranoomized. Each man fired twice, once for each mode. While on the firing line he fired
at both tergets before changing positions and fired from all three positions belore
changing firing lines. After firing at all targets in all positions from both firing lines in
one mnde of fire the subjects retired from the firing line. He was recalled to the firing
line to fire (he second mode in all combinations of all of the conditions in the same
order as before except that the targets were randomized. Twelve subjects are shown in
Table 9-1 be ‘ausc 12 ar? requiced for vomplete counterbalancing. Three men were on the
firing line at 1 time, and fired in succession according to the combination of conditions
designated for each.

RESULTS

Time to first hit and time per round proved to be meaningless criteria because of
the large number of cases where the subject never hit the target on a given combination
of conditions. The chi squ-rc statistic was used to anulyze total hits. As indicated in
Table 9-2, the automatic mode of fire achieved more hils than did the semiautomatic
mode (p <.001}). In addition, the automatic mode was pronortionately better at the
closer target (p <.01). The majority of the subjects did not achieve a hit with a full
magazine (6 rounds of semiautomatic and 18 rounds for automatic) at the 75 meter
flashing target. Similarly, the majoritv firing in the semiautomatic mode did not a.nieve a
hit at the 50-meter silhotette and flashing targets.

1t would appear that the automatic mode is superioi to the semiautomatic mode for
firing out to 50 meters. The only possible criticism of this is that the semiautomatic
mode was limited to onc-third of the ammunition allotted to the automatic mode. Had
the semiautomatic mode been allotted the same amonnt of ammunition as the automatic
mode, those individuals firing the semiautomatic mode could have continued to fire for
some time after those firing the automaiic mode would have been out of ammrunitio.

An examination of the results for the 50 meter silhouette and 50 meter flashing
targets shows that the flashing target is easier to hit (p <.01). There was no significant
difference among the three firing positions. Table 9-3 provides the mesn number of
bursts and rounds of ammunition used a4s a funrtion of target and mode. From this it can
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be seen that the mean number of bursts on autematic wis no more than the mean
number ¢f rounds on semiautomatic.

The mean time per round on semiaulomatic, and per burst on automatic are
presented in Table 9-4. Automatic fire achieved morc hits than semiautomatic fire while
requiring no more trigger pulls and no more time per trigget pull (Tablcs 9-2, 9.3, 9-1),
The conclusicn must be that in a time critical situation at night, automatic fire using the
three round burst {s more likely to achieve a hit than semiantomatic fire.

Naturally automatic fire requires more ammuniiion than does semiautomatic fire.
The special conditions of this study preclude using the ammunition expenditure for this
study as a guide to ammunition requirements in combat. However, Table 9-5 furnishes
the mean number of bursts, ammunition expended per target, and burst size for aulo-
matic fire. The mean burst size used in the sludy was 2.8Z2 rounds per burst. It is
probably safe to say that using a three-round burst of automatic fire at night, the rate of
ammunition expenditure will probably be about 2.8 times what it would be with
semiautomatic fire. Haowever, the number of hits will also be substantially greater using
automatic fire.

Table »-1

Counterhalancing of Firing Mode,
Firing Position, and Firing Line

o | 1 T B, |
1 ab abec ah
2 3 ach ab
3 ab bac ab
4 b a bca z b
5 b a cab ab
[ b a cba ab
7 ab abec b a
8 a2 b achb b a
9 ab baoc ba
0 b a hca b a
1" ba cakb b a
12 b a chba ba




Table 9-2

Probability of Hit for
a Given Magazine of Ammunition®

Mode of Fire
Target -
Semiautomatic J Automatic
25-Meter Silhouette 8—4—— a ‘ .97v o
50-Meter Silhouette 3 51
50-Meter Flashing .29 69
75-Meter Flashing 21 .28

Testing: Semiautomatic vi. Automatic x%=2202 daf=1 p<.001
Testing: Mode/Tarpet {nteraction x2 12,00 df=3 p<.0
Testing: 50-Meter Flashing vs. Silhouette XxX*=- 832 df-1 p<.01

a[:le(:ause the analysis is based on hits, and individuals had more
than one hit, chi square (XII, which assumes independence of observa-
tions, is technically not completely valid 1 this instance, the effects of
violating the independence assump’.on are of No consequence since they

lead to a conservative statistical tust,

Table 9-3

Mean Number of Bursts and Rounds of
Ammunition Used as a Function of Target and Mode

Mode of Fire
Target Roun(;s_;n Bursts on
Semiautomatic N Automatic Automatic
25-Meter Silhouette 2.59 5.70 1.99
50-Meter Silhouette 5.15 13.20 A.67
50-Meter Flashing 5.13 11.60 418
75 Meter £lashing 5.40 15.60 5.54
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Table 9-4

Mean Time Per Round on Semiautomatic
and Per Burst on Automatic

{seconds)

Target

Semiautomatic l Autornatic

Modc< of Fire

25-Meter Silhouette 3.36 363

50-Meter Sithouette 4.04 3.86

50-Meter Flashing 3.60 3.54

75-Meier Flashing 3.70 3.82
Table 956

Mean Wumber of Bursts, Ammupition Expended
per Targat, and Burst Size for Automatic Fire

Targat Mean Number ‘ Liean Number Mean Burst
of Burste of Rounds Size
25-Meter Silhouette 1.99 5.70 287
50-Meter Sithouetie 4,67 13.20 2.82
50-Meter Flashing 4.18 11.60 2.78
75-Meter Fiashing 5.64 15.60 2.82
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Appendix J

EXPERIMENT 10: VISION TECHNIQUE, SIGHT, MODE, AND
POSITION FOR USE IN NIGHT FIRE

OBJECTIVE

The primary objective of this study was to determine whether the British night
firng system, including th: Tri-Lux sight, is superior to the Amerivan night firing system.
A secondary objective vas to deterinine whether semiautomatic or automatic fire is
superior at night.

Tiwe British system of night firing s an aiming technique that relies upon a
large-aperture rear sight, and a luminous front sight. The american system of night fire is
an unaimed, ; ointing technique that does not ure the sights at all.

METHOD

Experimental \'ariables

The following variables, along with the levels listed, were ex:ained:
A. Night Vision Technique
1. Off-ceter alignment
2. Direct alignment
B. Sight
1. Tri-Lux
2. Tri-Lux front sight with standard rear sight
3. Standard sight (M1GA1)
C. Mode
1. Semiautomatic
2. Automatic (3-round bursts)
D. Distance
1. 25 meters
2. B0 meters
E. Position
1. Prone supported
2. Kneeling supported
This was a mixed-model analysis of variance design. Variables A nd B required independ-
ent groups. Variables C, 1), and E were repeated across subjects. Thus, a total of ui
independent groups were required for the 2 by 3 combinations of vision technique and
sight. The off-center night vision technique consisted of aligning the sights in elevation
with the targel while the targel was positioned ahout five degrees to one side of the line
of sight. Once sieht alignment was achieved, the rifle was nioved into alignment with th
target and the round was fired. This lechnique is a part of the Brilish night liring system.
The direct alignment is Lhe normal method of sight alignment.

Q te
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Subjects

With six zicups, using 18 men per group, a totzl of 108 were roquired. These men
were merabers of an entering class of the Noncommissioned Oifreer Candidate School,
Fort Benning.

Anparatus

There were three firing lanes with “E”-type targets positioned ut 25 and 50 meters.
The targets were controlled from a tower located at the rear of the firing line. The M16
rifle was u.~d. The Tri-Lux sight uses a slightly radioactive luminesc: nt element (tritium)
in the iront sigh: post. The rear aperture is a circle, truncated on the sides by the
carrying handle. The inside dimensions of the rear aperture are 1.00 a1 0.75 centimeters
for height and width respectively.

Pracedure

The six combinations of vision technique and sight provided six separate groups
(firing orders) for record fire. The target ranges were randomly presented. The courter-
balancing of the firing position and firing mode is as follows:

Day Position Order Mode Order

1 1 2 1 2
2 2 1 1 2
3 1 2 2 1
4 2 1 2 1
5 1 2 1 2
6 2 1 2 1

All three positions were fired before the firing mode was changed. The practice session,
fired before record fire, was identical to the record session except that the ammunition
allotment was 4 and 12 rounds per target presentation for semiautomatic and automatic
fire respectively rather than 6 and 18 rounds and only one of the two target distances
available was presented for each combination of the experimental variables. The selection
of this target was randomized.

The men reported to the range at 1800 hours where they were assigned to groups
and given the additional training in their assigned techniques. Practice firing commenced
at 1900 hours. Record firing commenced at 200G hours, and was completed by 0100
hours. When a target was hit, it was presented again, and continued to be presented until
the subject had expended his magazine of avimunition. Two criteria were obtained--time
to first hit, and total number of hits.

RUSULTS

There were so many cases where the men did not hit a target at all, that the time to
first hit criterion is suspect, and therefore is not reported. Table 10-1 provides the
analyses of variance for the hits per first four trigger pulls for 25 and 50 meters
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respectively. Table 10-2 provides the means ror the combinatiuns of mode and posttion
for the 25 and £0 meter distances respectively.

This experiment fumnishes conclusive evideace for the supcriority of the automalic
mote for night fire (p <.001: and for the superiority of the prone position as compared
to the kneeling position when firing in the automatic mode at aight at the longer ranges
(p <.CU1). In the semiautoma’’c mode, there -was no difference between the two
positions. Neither the vision techpique, nor the sighi produced significant differences. The
most plausible explanation is that the “no moonlight” condition did not provide suffi-
cient illumination to make th2 target visible. A target that is not readily visible will not
be hit frequently with rifle fire regardless of the sight or vision technique used. It was
conziuded that un additional test was needed to determine the effect of more

lumin: tion.

)
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Table 10-1

Evfects of Vision Technique, Sight, Mode, and Position on
Hits per First Four Trigger Pulls: Analyses of Variance

Range/Source [ df l MS F fd
25 Meters

Between Subjects Analysis
Vision Technigue (A} 1 4.90 1.75 NS
Sight (B) 2 6.78 2.43 NS
Test Night {C) 5 6.20 2.20 NS
AB 2 0.45 <1 NS
AC 5 3.34 1.20 NS
BC 10 2.53 <1 NS
ABC 10 2.85 1.02 NS
Error 72 2.79

Within Subjects Analysis
Mode (™) 1 33.33 21.49 <.001
Position (E) 1 5.79 3.73 NS
DE 1 2.68 1.73 NS
AD 1 0.01 <1 NS
AE 1 0.52 <1 NS
BD 2 0.03 <1 NS
BE 2 1.23 <1 NS
CcD 5 0.59 <1 NS
CE 5 1.13 <1 NS
Pooled Error 305 1.55

50 Meters

Between Subjects Anazlysis
Vision Technique {(A) 1 0.39 <1 NS
Sight (B) 2 0.88 <1 NS
Test Night (C) 5 0.85 <1 NS
AB 2 on <1 NS
AC 5 1.67 1.20 NS
BC 10 0.85 <1 NS
ABC 10 1.37 <1 NS
Error 72 1.40

Within Subjects Analysis
Mode (D) 1 11.67 18.31 <.001
Position (E) 1 0.52 <1 NS
DE 1 12.8¢ 20.18 <.001
AD 1 0.00 <1 NS
AE 1 0.52 e NS
BD 2 0.54 <1 NS
BE 2 0.77 1.20 NS
CD 5 0.41 <1 NS
CE 5 0.63 <1 NS
Pooled Error 305 064
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Table 10-2

Mean Hits per First Foar Yrigger Pulls
for Mode, Position, and Range

Mode
Range/Po:ition Mean
Semiautomatic Automatic

25 Me-ers
Prone 1.97 2.64 23
Kneeling 1.85 2.25 2.05
Mean 1.91 2.44 2.18

50 Meters
Prche 0.46 0.87 0.67
Krnee; ng 0.47 0.72 0.60
Mean 0.47 0.80 0.63
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Appendix K

EXPERIMENT 11: USE OF THE TRI-LUX SIGHT
FOR DAYTIME TARGETS

OBJECTIVE

In Experiment 10 of this series, the Tri-Lux sight was found to be valuable for night
firing. In Experiment 4, aimed fire was demonstrated to be superior to Quick Fire
(pointing unaimed fire) at all ranges from 25 meters out, in the daytime. The British have
concluded that aimed fire, i t 'aytime using th- r Tri-Lux sight, is superior to Quick
Fire." The British also recomnie. .. uri “on the shouluer’ ready position.

Experiment 11 has five ob;>ctives:

(1) Among the three shooting techniquas—Quick Fire, aimed fire with the
standard sight, and aimed fire with the Tri-Lux sight—which is best at ranges within 25
meters in the daytime where time is critical?

(2) Beyond 25 meters, how far out is the Tri-Lux sight superior or equal to
the standard sight in time to first hit?

(3) Of the two cary positions—the underarm and a modification of the British
ready position—which allows the more rapid time to first hit whenr firing from the
shoulder position?

(4) Within what range (if any) does the underarmi firing position yieid a more
rapid time to first hit?

(5) Within what range (if any) does automatic fire provide a more rapid time
to first hit?

These questions were addressed in two separate experiments (11A and 11B).

EXPERIMENT 11A

METHOD

Experimental Variables

The following s “riables, along with the levels listed, were examined:
A. Firing Techniques
1. Quick Fire
2. Aimed fire with Tri-Lux sight
3. Aimed fire with M16A1 sight
B. Weapon Carry Position
1. Underarm
2. Modification of British ready position
C. Mode of Fire
1. Semiautomatic
2. Automatic
*Major D. Stopford. An Ecvaluation of the Quick Kitl Shooting System, FARELF F (Operational
Requirement< and Analysis Branch), Report No. 3-69, March 1969.

i 83 ¥




O

ERIC

Aruitoxt provided by Eic:

C. Mode of Fire
1. Semiautomatic
2. Automatic
D. Range
1. 10 meters
2. 15 meters
3. 20 meter;
4. 25 meters
In the modified British ready position, the butt of the weapon is placed high in the
shoulder pocket so that when the weapon is raised a minimum head movement is
requircd. For a right-handed individual, the right hand is on the pistol grip, the left is on
the stock beyond the carrying handle, and the weapon is slanted downward and to the
left across the body.

Subjects

Twenty-four students entering the Noncommissioned Officer Cundidate (NCOC)
School at Fort Benning participated.

Apparatus

One firing lane was used with four firing line. five meters apart and seven “E” type
targets positioncd altemmately on the right and left of the firer at five-mete: intervals. The
M16 rifle was used.

Procedure

The couptierbalancing of the order of presentation of the variables is given in Tables
11A-1 and 11A 2. Table 11A-1 lists the seven combinations of firing technique and camry
nosition, Table 11A-2 provides the order in which each subject fired the seven combina-
tions of firing lechnique and cary position, and the order in which he fired the two
modes. For example, Subject No. 1 first fired using the pointing underarm technique,
beginning from the underarm position in the semiautomatic mode. He next fired the
same combination in the antomatic mode. He then fired using the pointing, shoulder
technique, Leginning Irom the underarm position in the semiautomatic mode, and so
forth. The target ranges were picsented randomly.

The men received preliminay instruction in the techniques examined anu then were
given a practice [firiig course desciibed in Table 11A-3. To complete each firing exercise,
the individual loaded his weapon and walked cautiously down the firing lane 2pproxi-
mately five meters. At this point, one of four possible targets was raised (targels were
offset slightly to the right and left at ranges from 10 to 25 meters). The subject engaged
the target as rapidly as possible, employing his assigned firing technique, and firing until
the target was hit or the ammunition was expended. The subject then changed magazines
and again moved forward, repeating the procedure until he had fired from each of ihe
four firing lines. Thus, although the lane included seven targets, only four of them (from
10 to 25 meters} were used at any given time.

RESULTS

Table 11A-4 gives Lhe analysis of variance for tiie numiber of trigger pulls to first hit.
Tables 11A-5 and 11A-6 provide means for the number of trigger pulls to first hit for
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various combinations of conditions. Table 11 A-7 shows the analysis of variance for the
iime ‘¢ first hit rriterion. Tables 11A-8 and 11A-9 provide means for this criterion for
various combinations of experimental conditions. The results can be summarized as
follows:

(1) In terms of trigger pulls, Quicl Fire is inferior to aimed fire beyond 15
meters, and is never superior to aimed fire.

(2) Considering time to first hit the M16A1 sight is inferior at 10 and 15
meters where the Tri-Lux sight and Quick Fire are about equal. At 20
meters, the technique used inakes little difference. At 25 meters, aimed fire
in general and the Tri-Lux sight in particular are superior.

(3) The British ready position is superior (in time to first hit) to the underarm
carry, but the two positions are equal in the required number of trigger
pulls.

(4) Automatic fire is slightly faster than semiautomatic fire in time to first hit
within 25 meters. There is no difference between the two modes in the
number of trigger puils required to hit the target.

Table 11A-10 gives the analysis of variance for the number of trigger pulls to first
hit for the sccond experiment. This was a comparison cf the underarm and the shoulder
firing positions fof pointing unaimed fire. Table 11A-11 provides means for various
combinations of experimental conditions. Tables 11A-12 and 11A-13 provide similar
information for the mean time to first hit criterion. An examination of these tables
shows that the nunderarm firing positicn is inferior to the shoulder firing positions in
trigger pulls to first hit, and equal in time to first hit. This is based upon a comparison of
the underarm firing ~osition wilk. the Quick Fire data of Experiment 1. Since Quick Fire
itself was inferior to aimed fire, especially with the British sight, there is no doubt about
the urderarm firing position Leing inferior to the shoulder firing position.

EXPERIMENT 11B

METHOD

Experimental Variables

The following variablcs, along with the levels lis.ed, were examined:
A. Firing Techniques
1. Aimed firc with the conventional M16A1 sight
2. Aimed fire with the Tri-Lux sight
B. Mode of Fire
1. Semiautoratic
2. Automatic
C. Position
1. Prone
2. ¥Xneeling
3. Standing
D. Distance

1. 50 meters

2. 100 meters
3. 150 meters
4. 200 meters
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Subjects

Twenty-four students entering the Noncommissioned Officer Candidate Schoo! at
Fort Benning participated.

Apparatus

Two points from a standard, basic rifle marksmanship, record fire course were used
in this study. The M16 rifle was used.

Procedure

The subjects received a pr:liminary course of instruction in the two firing techniques
and then completed a practice firing course; this course is outlined in Table 11B-1. The
men then fired the record rourse. The order of presentation of the target distance was
randomized. The orders of presentation for the other variables are given in Table 11B-2.
Each man fired all four ranges before changing positions; fired all three pesitions before
changing mode; and fircd hoth modes before changing firing techniques. Lach man was
issued one 6-round ,ragazine for each target engaged with semiautomatic fire, and one
18round magazine for each target engaged with automatic fire. In each case the
individual fired un{il the target was hit or his magazine was emply. The men used a
three-rcund burst of automatic fire when in the sutomatic mode. All subjects fired all
combinations of experimental conditions.

RESULTS

Tables 11B-3, -4, and -5 provide the results of the analysis of the trigger pulls to
first hit criterion. Tables 11B-6, 7, and -8 provide the analysis of the time to first hit
criterion. An examination of these tables shows that the Tri-Lux sight is at least equal to
the standard M16 sight in time to first hit and in trigger pulls to first hit up to a range of
50 meters. By 100 meters the Tri-Lux sight is significantly inferior to the standard M16
sight (p <.05), and markedly inferior at 150 meters and beyond (p<.01}. The probability
figures were determined by the Tukey "A" Test.

Experiment 11A detcrmined that the British Tri-Lux sight offered a speed/accuracy
advantage at ranges from 25 meters in. Experiment 11B determined that there is no
speed/accuracy disadvantage in using this sight out to a distance of 50 meters.

O
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Table 11A-1

Coinbinations of Firing Technigque
and Carry Position

Condition - .
Number Firing Technique

Carry Positio

n

1 Pcinting Underarm Underarm
2a Pointing Shoulder Underarm
2b Pointing Shou'der British
3a Aimed Fire (M16A1 Sights) Underarm
3b Ained Fire (M16A1 Sights) British
4a Aimed Fire {Tri-Lux Sights) Underarm
4b Ained Fire (Tri-Lux Sights) British
Table 11A-2
Counterbalancing Firing Order and Mode

Subject l Firing Order Sequence® l Mode Sequence
1 1 2a 3a 4a 2b 3b 4b 1 2
2 1 % 4a 2b 3b 4b 2a 2 1
3 1 4a 2b 3b 4b 2a 3a 12
4 2b 3b 4b 2a 32 4a 1 2 1
5 3h 4b 2a 3a 4a 2b 1 1 2
6 4b 2a 33 4a 2b 3b 1 2

35ee Table 11A-1,
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Table 11A-3

Practice Firi..g Course

Condition M Ranges Rounds Total per Total per

Number ode {meters) per Target? Individual Order
1 Semiautomatic 10 and 20 3 6 24
1 FAutomatic 15 and 20 9 18 72
2 Semiautomnatic 10 and 20 3 6 24
2 Automatic 15 and 256 9 18 72
2b Semiautoratic 15 ara 25 3 6 24
2b Automatic 10 and 20 9 18 72
3a Semiautomatic 10 and 20 3 6 24
3a Automatic 15 and 25 9 18 72
3b Semiautomatic 15 and 25 3 6 24
3b Automatic 10 and 20 9 18 72
4a Semiautomatic 10 and 20 3 6 24
4a Automatic 15 and 25 g 18 72
4b Semiautomatic 15 and 25 3 8 24
4b Automatic 10 and 20 a 18 72

3 Total per day — 672; total for 6 days — 4,032; total per day Practice and Record ~ 2,464, totai
for six days Practice snd Record — 14,784, Much smaller ammunition expenditure probable since firing
will stop on achieving a hit.
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Table (tA-4

Effects of the Use of the Tri-Lux Sight on
Trigger Pulls to First Hit: Analysis of Variance
{First Experiment of 11A)

Source l daf T MS l F ! Il

Mode {A) 1 0.59 1.65 NS
Technique {B) 2 498 15.51 <001
Carry (C} 1 0.17 <1 NS
Range (D) 3 3.40 12.26 <.001
AB 2 0.06 <1 NS
AC 1 1.39 6.40 <05
AD 3 0.31 1.24 NS
BC 2 0.08 <1 NS
BD 6 1.73 5.36 <.001
cD 3 0.04 <1 NS
Error (A) 23 0.38
Error {B) 46 0.32
Error {C) 23 0.35
Error (D} 69 0.28
Error (AB) 46 0.20
Error {AC) 23 0.22
Error {(AD) 69 0.25
Error {BC) 46 0.27
Error {8D) 138 0.32
Error [CD) 69 0.24
Pooled Rosidual 562 0.26
Tablz 11A-5
Mean Trigger Pulls to First Hit
for Each Techni jue and Distance
Distance (Meters}
Technique — Mean
e 10 r 15 [ 20 l 25
Quick Fire i.08 1.15 1.39 1.64 1.32
M13 Aim 1.10 1.15 1.14 112 1.13
British Aim 1.03 1.07 1.14 1.20 1.11%
Mean 1.07 112 1.22 1.32 - 1.18
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Table 11A-6

Wlean Trigger Pulls to First Hit
for Mode and Carry Position

Mode l Underarm Shoulder I Mean
Samiautomatic 1.18 1.23 1.21
Automatic 1.21 1.12 1.16

Mean 1.20 1.17 118
Tabte 11A-7

Effects of the Use of the Tri-Lux Signt on
Time to First Hit: Analysis of Variance
(First Experiment of T1A)

Source l af ] Ms l r l o
Mode (A) 1 6.74 7.7 <.05
Technique (B] 2 1.29 2.46 NS
Carry (C) 1 12.67 16.48 <.0Mm
Distance {D) 3 24.53 58.69 <.001
AB 2 0.16 <1 NS
FRo! 1 1.83 5.12 <05
AD 3 0.66 1.72 NS
BC 2 0.05 <1 NS
BD 6 1.94 3.7 <.01
co 3 0.38 <1 NS
Error (A) 23 0.87
Error {B) 46 0.62
Ercor {C) 23 0.77
Error (D) 69 0.41
Error (AB) 46 0.35
Eror [AC) 23 0.38
Error (AD) 69 0.39
Error (EC) 46 0.37
Error (BD) 138 0.52
Error {CO) 69 0.44
Pooled Residual 552 0.40
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Table 11A-8

Mean Time to First Hit by Aim Technique and Di+tance

Distance (Meters)
Technique Mean
10 [ 15 I 20 I 25
Quick Fire 1.10 1.36 1.65 213 1.56
M16 Aim 1.28 1.50 1.63 1.74 1.63
British Aim 1.12 1.40 1.60 1.68 1.45
Mean 1.16 142 1.62 1.85 1.51
Table 11A9
Mean Time to First Hit
by Mode and Carry Position
Mode ] Underartn_LShouldev I Mean
St:miautomatic 1.65 152 1.69
Automatic 162 1.41 1.51
Table 11A-10
Effects of the Use of the Tri-Lux Sight on
Trigger Pulls to First Hit: Analysis of Variance
{Second Experiment of 11A)
Source I df I MS ] F l P
Mode (M) 1 0.59 <1 NS
Technique (T) 1 24.50 20.563 <.001
Distance (D) 3 16.47 17.29 <.001
Error (M} 23 1.03
Error {T) 23 1.19
Crror {D) 69 0.95
MT 1 3.19 3.62 NS
MD 3 1.81 2.70 NS
10 3 1.66 1.91 NS
MTD 3 0.70 <1 NS
Error (MT) 23 0.88
Error (MD) 69 0.69
Error (TD) 69 0.87
Error {MTD) 69 0.95




Table 11A-11

Mean Trigge: Pulls to First Hit, by
F.ring Mode/Technique and Range Combinations

Oistance (Meters)

Mode/Technigue F—— Mean
10 I 15 L 20 I 25 |

Semiautomatic Mode

Underarm 1.50 1.88 2.13 2.33 1.96
Quick Fire 1.08 117 1.21 1.63 t.27
Mean 1.29 1.62 1.68 1.98 1.61

Automatic Mode

Underarm 1.08 1.17 1.88 2.67 1.70

Quick Fire 1.04 .21 1.36 1.88 1.38

Mean 1.06 1.19 1.63 2.27 1.54
Table 11A-12 1

Etfects of the Use of the Tri-Lux Sight on
Tima to First Hit:  Analysis of Variance
{Second Experiment of 11A)

_ Source ,_ dJf J__Ms I F L 0 ]

Mode (M) 1 3.06 3.28 NS
Technique (T) 1 2.03 1.45 NS
Distance (D) 3 25.91 24.03 <.001
Error (M} 23 0.93
Error {T) 23 1.40
Error (D) 69 1.08
MT 1 3.92 3.30 NS
MD 3 2.08 2.64 NS
10 3 1.54 1.49 NS
MTD 3 0.95 <1 NS
Erre: (MT) 23 1.19
Error (MD} 69 0.79
Error (TD) 69 1.04
Error {IMTD) 69 1.10
Q
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Table 11A-13

Mean Time to First Hit, by Mode and Distance

Distance (Meters)

M ade/Technique h— Mea
10 i 5 l 20 —[ 25
Semiautomatic Mode
Underarm 1.51 2.02 2.37 2,15 2.01
Quick Fire 1.18 1.4% 1.65 2.39 1.67
Mean 1.34 173 2.0 2.27 1.84
Automatic Mode
Underarm 0.89 1.30 1.83 2.50 .64
Quick Fire 1.13 1.41 1.66 2.55 1.69
Mean 1.01 2.722 1.75 253 1.66
Tabie 11841
Practice Firing
Ranges (me 2rs) T .
Technique Mode Positions {One Range per arget Rounds | Total Rounds
Position) Prosented L’i Target | per Individual
1 Semiautomatic a b ¢ 100, 160, 200 3 3 9
2 Semiautoinatic a b ¢ 50, 100, 150 3 3 9
Automatic 3, b, ¢ 50, 100, 200 3 g 27
2 Automatic a3, b, ¢ 50, 150, 200 3 9 27
Table 11B-2
Record Fire
Subjrct l Firing Technique Sequence l Moxke Order | fasition Nrder
1 1 2 1 2 a b ¢
2 1 2 2 1 ¢ a b
3 2 1 1 2 b ¢ a
4 2 1 2 1 a ¢ b
5 1 2 1 2 b & ¢
6 2 . 2 ¢ b a
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Table 118-3

Etfects of the Use of the Tri-Lux Sight on
Trigger Pulls to First Hit: Analysis of Varitnce

Source | of ms [ F ) | o
Sights {A) 1 230.23 67.73 <.001
Mode (B) 1 41.63 16.27 <.001
Position {C) 2 10.90 4,39 <05
Distance (D} 3 229.31 99.92 <001
Error {A) 23 3.40
Error {B) 23 2.5€
Error {C) 4C 2.32
Error {D) 69 2.29
AB 1 0.95 <1 NS
AC 2 1.75 <1 NS
AD 3 33.34 20.06 <.001
B8C 2 1.18 <1 NS
8D 3 5.05 3.62 <05
cD 6 1.41 <1 NS
Error {AB) 23 4,58
Error (AC) 46 2.1
Error (AD) 69 1.66
Error {BC) 48 3.06
Error (BD) 69 1.39
Error {CD) 138 2.38
ABC 2 2.42 1.14 NS
ABD 3 0.55 <1 NS
ACD 6 2.16 1.13 NS
B8CD 6 3.82 1.74 NS
ABCD 6 2.09 <1 NS
Error [ABC} 46 2.13
Erroc (ABD) 659 1.83
Error (ACD) 138 1.91
Error (BCD) 138 2.1¢
Error (ABCD) 138 2.6
Table 1184
Mean Trigger Pulis to First Hit, by
Aim Technique and Distance
Distance [Meters)
Technique Mean
50 1 100 l 150 l 220
M16 Aim 1.08 1.43 1.80 2.37 1.69
British Aim 1.°8 2.06 297 4.50 2.56
Mean 113 1.74 2.38 3.2y

2.12
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Table 1185

Mean Trigger Pulls to First Hit,
by Mode and. Firing Position

Firing Position

Mode — Mean

Prone [ Kneeling l Standing
Semiautomatic 1.73 1.95 2.10 .93
Automatic 2N 2.21 2.50 2.31
Mean 1.97 2.08 2.30 212

Table 11B-6
Effects of the Use of the Tri-Lux Sigat on
Time to First Hit: Analysis of Variance
{Experiment 118)

Source [ or | ws i_ F o
Mode (M) 1 135.98 4.39 <05
Technique (T) 1 2,519.91 49.09 <.001
Position (P) 2 33.89 1.08 NS
Distance (D) 3 429723 7958 <.001
Error (M) 23 30.98
Error (T) 23 51.33
Ercor (P) 46 31.45
Error {D) 69 54,00
MT 1 §6.63 <1 NS
MP 2 98.77 1.61 NS
MD 3 1380 <1 'S
TP 2 87.61 2.47 1S
TO 3 461.15 19.31 <001
PD 6 1984 <1 NS
Error (MT) 23 94.07
Error (MP) 46 61.25
Error (MD) 69 35.14
Error (TP) 46 35.48
Evrsor (TD) G9 23.88
Error (PD) 138 3293
MTP 2 e <1 NS
MTD 3 65.19 2.20 NS
MPD 8 90.77 2.33 <05
TPD 6 57.62 1.83 NS
MTPD 8 994 <14 NS
Error (IMTP) 46 18.38
Error (NTD) 69 29.60
Error (MPD) 123 38.98
Error {TED) 138 31.51
Ecror {(MTPD) 138 31,55
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Table 118-7
Mean Time to First Hit, by Sight Technique

Distance (fAeters)
Technique — Mean
50 ‘]TWW

M16A1 Sight 2.60 4.28 6.07 8.68 5.41

British Sight 2.5 6.24 9.97 14.62 8.37

Mean 2,62 5.26 8.02 11.65 6.89

Table 118-8
Mean Time to First Hit, by Firing Position
Firing Position
Moce Mean
Prone l Kneeling l Standing
Semiautomatic 5.89 6.72 7.03 6.55
Automatic 7.1 6.57 1.42 7.23 ]
Mean 6.80 6.64 1.22 6.89 :
]
]
3
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Appendix L
EXPERIMENT 12: TRI-LUX SIGHT AT NIGHT

OBJECTIVE

Experiment 10 compared the Brilish and the American night firing systems under
star'ignt conditions. A significant difference in mean performance between the Tri-Lux
and M16A1 sights was not obtained. The following possible explanations were given:
(1) too little training on the British sight, (2) the use of an independent groups design,
and (3) an illumination level so low as to render the targets invisible, thus negating the
effectiveness of any sight. In the belief that the last of these three possibilities was the
most probable, it was decided to run an additiona! test to determine whether increasing
the illumination level would increase the difference between the {wo sights.

METHOD

Experimentai Variables

The following variables, along with the levels listed, were examined:
A. Firing Techniques
1. Pointing technique
2. Aiming technique using the Tri-Lux sight
B. Distance
15 metars
20 meters
25 meters
30 meters
35 meters
. 40 meters
C. Nlumination Level
1. Starlight
2. Half-moonlight
When the subjects were using the pointing technique, their weapcons were equipped with
the M16A1 sight. They wele instructed to use this sight if they found it to be an
advantage—otherwise they were to use the poiiting technique.

S w-

Subjects
Twenty-four students entering the Noncommissioncd Officer Candidate School at
Fort Benning participated.

Apparatus

A single firing lane was used. Six “E".type targets were arranged from 15 to 40
meters down range at 5-meter intervals. The targets were randomly presented and
“killed” upon being hit. The M16 rifle was used.

Q
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Procedure

Procedurally, this study was conducted as two separate experiments. While an
attempt was made to use the same subjects under both illumination conditions, eight of
the 24 nien were assigne:’ conflicting duty on the evening that the second illumination
condition was run. Because substitutions were made, illumination rconditions were
analyzed as separate experiments.

Twenty-four men reported to the firing range and received instruction on the use of
night vision technignes and in the firing techniques to be tested. They then fired the
record course for practice in the daytime. Or the following evening, under starlight
conditions, they returned to the range and weie assigned to two groups of 12 for
counterbalancing purposes. One group was tested on the pointing technique first, while
the olher was tested on the Tri-Lux sight first; all subjects fired both conditions. The
presentation of distance was randomized. All sv;jects fired in the semiautomatic mode. If
a man hit the target in less than four rounds, the target was presented again until the
subject had fired four rounds at that target.

Four nights later, the 24 subjects again reported to the range. These men. including
the eight substitutes, fired for record under half-moonlight condition without further
practlice.

RESULTS

Two criteria were examined—total hits, and time to first hit. The time to first hit
criterion was invalidated for the starlight condition because of the larg2 number of cases
where no hit was cbtained. Table 12-1 gives the analysis of variance of the tolal hit
criterion under the starlight condition. Table 12-2 furnishes the mean number of hits per
four-round magazine under the starlight condition. Tables 12-3 through 12-6 fumi-h the
analyses of var.ance tables and tables of raeans for both criteria under the half-moonlight
condition.

Under the starlight condition, the difference between the sighting techniques was
not significant in spite of the additio.ial training. Thus it would seem that the choice of
experiment design and the amouvnt of training in the original exp2riment were no. central
to the outcome. On the cther hand, Tables 12-3 through 12.6 show a maiked superiority
for the Tri-Lux sight over the pointing, unaimed techniaue under a half-moonlight
condition of illumination. The illumination level appears to be the critical element in the
utilization of a night sight.

The added precision of sight aiignment obtained by using the smaller rcar aperiure
on the M16 sight is bound lo assist in achieving greater accuracy than would be obtained
with the large aperture Tri-Lux sight where the illumination is sufficient for the use of a
small aperture sight. However, the large rear aperture sight can be used at a much lower
level of illumination, thus providing the benefits of aimed fire at illumination levels where
it would otherwise not be available. I short, while the M16A1 sight is probably more
accurate when the illumination level is sufficient to permit its use, the Tri-Lux sight is
usable at a much lower level of illumination, and no sight is effective if the target cannot
be seen.
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Table 12-1

Effects of the Use of the Tri-Lux Sight o
Hits per Tour-Round Magazine—Starlight:
Analysis of Variance

Source _-r of I MST F I P

Distance {A) 5 22.65 21,37 <01
Technique (8) 1 0.78 <1 NS
AB 5 0.08 <1 NS
Error (A) 115 1.06
Error (B) 23 1.59
Error {AB) 115 0.70

Table 12-2

Mean Number of dits per
Four-Round Magazine—Starlight

Distance {Meters}

Tectnique Mean
15]20‘25|30l35l40

Pointing  1.92 188 1.12 033 0% 046 1.05
Tri-Lux  2.00 1.83 1.23 046 0N 0.58 1.16
Mean 1.96 1.85 1.22 040 064 0.52 1.10

Table 12-3

Effects of the Use of the Tri-Lux Sight on
Hits per Four-Round Magazine —Half-Moonlight:
Analysis of Variance

bouvce—ld/]MSIF[p

Distance {A) 5 21.33 22.77 <.00%
Technique {B) 1 26.28 15.89 <.0N1
AB 5 1.91 2.08 NS
Error {A) 115 0.94
Error (B) 23 1.641
Esior (AB} 115 0.92
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Table 12:4

Effects of the Use of the Tri-Lux

Sight on

Time to First Hit—Half-Moonlight:

Analysis of Variance

Source r of J Ms [ F [ P
Distance (A} 5 322,07 18.57 <.001
Technique (8) 1 234.58 6.10 <.05
AB 5 18.90 1.21 NS
Error {A) 115 17.34
Error (8) 23 38.43
Error (AB) 115 15.63

Table 12-5
Hits per Four-Roun Magazine—Half Moonlight
Distance (Meters}
Technique Mean
20 25 30 35 40 45
Pointing 3.42 2.16 1.76 250 204 1.38 2.21
Tri-Lux 3.38 2.79 1.83 321 250 2,67 2,67
Mean 3.64 2.48 1.70 2.8% 2.23 2.02 251
Table 126
Time to First Hit—Half-Moonlight
Distance [Meters}
Yechnique —_ Mea,
S REREIEREIEE '
M1GA1 3.35 4.50 7.14 6.43 9,27 1183 7.09
Tri-Lux 2.70 2.80 6.16 6.26 7.05 705 528
Mean 3.03 3.65 6.65 6.85 8.16 978 6.19
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Appendix M

EXPERIMENT 13: EVALUATION OF
TRAINING CHANGES IN NIGHT FIRING

OBJECTIVE

Prior to Work Unit MARKSMAN the night firing program was a scaled-down
adaptation of the prograni of instructiois recommended after testing hy HumRRO and
adopted by the Army in 1954. The program had been conside:.bly reduced on two
occasions in order to {ree ammunition and time for other purposes. As a result of
feedback from U.S. commanders in Vietnam, the original program was reinstated. Certain
segments of this prcgram seemed worthy of further investigation. The purpose of this
experiment was tp study the relative value of four different programs o%htained by the
deletion of certain elements from the present program.

METHOD

Experimental Variables

The four selected programs and the content of each, are:
A. Seven-Hour Program
1. Orientation firing (2 hours})
2, Day corrective firing (2% hours)
a. Conference and demonstration of Quick Fire and Painting Fire (¥
hour)
b. Air rifle firing (1 houx)
c. Service rifle, day corrective firing (1 hour)
3. Night practice and record firing (2! hours)
a. Conference and demonstr ‘ion of night vision techniques {2 hour)
b. Practice and record night fire (2 hours)
B. 5-Hour Program
1. Day corrective firing (2% hours)
a. Conference and demonstration of Quick Fire and Pointing Tech-
nigues {¥% hour)
b. Air rifle firing (1 hour)
c. Service rifle, day corrective firing (1 hour)
2. Night practice and record firing (2% hours)
a. Conference and demonstration of night vision techniques (2 hour)
b. Practice and tecord night fire (2 hours)
C. 4%-Hour Program
1. Orientation fin.g {2 hours)
2. Night practice and reccid fire {2Y2 hours)
a. Conference and demonstration of night vision techniques (Y2 hour)
b. Practice and record night fire (2 houis)
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D. 2%-Hour Program
1. Conference and demonsiration of night visien, Quick Fire, and Pointing
Techniques (% hour)
2. Practice and record night firing (2 hours)

Subjects

Subjects were 1,496 Basic Combat trainees from Fort Jackson.

Apparatus

A standaid, night record fire range was used. The M16 rifle was used.

Procedure

Four separate BCT companies were divided into four equal groups. Each of the
groups was irained under one of the previously explained programs of instruction. This
was accomplished by deleting discrete portions of the instruction for each group as
follows:

A. Group A received all of the present BRM night firing program including
Periods 20, 21, and 22 without change.
B. Group B did not attend Period 20, but attended Periods 21 and 22 without
change.
C. Group C did not attend Period 21, but «itended Periods 20 and 22 without
change.
D. Group D did not attend BRM Periods 20 and 21. Group D received all the
instruction of Period 22 except the standard, 12-round zero exercise.
Instead of the zero exercise, Group D fired six practice rounds per man at
each of the 25 and 50 meter targets prior to conducting record fire.
Each of the four Basic Combal Training companies fired on a different night. However,
each company had equal representation for all of the four groups being studied. The
record fire exercises were conducted on moonless nights.

RESULTS

The analysis of variance and the means for the number of hits in night record fire
are presented in Tables 13-1 and 13-2. These tables show that the best record fire
petformance was obtained in Program C, which only required four and one-half hours of
training tive. It is equally cobvious that Program D is inferini. Program D is the one that
was used prior .o the reinstatement of the HumRRO-suggested seven-hour program.
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Table 13-1

Effects of Training Changes on
Number of Hits: Analysis of Variance

Source J df MS F P
Distance (A) 1 533.05 66.74 <.001
Programs {B8) 3 45.54 5.70 <.001
AB 3 7.67 <1 NS
Error 1488 7.99

Table 13-2

Mean Number ot Hits, by
Training Program and Distance

Target Distance (meters)

Pregram Mean

_ A 25 50
A-7 hours 5.84 4.34 5.09
B-5 hours 5.48 4.61 5.04
C-4% hours 5.86 4.80 5.33
D~2% hours 5.18 3.82 4.50
Mean 5.59 4.39 4.99
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Appendix N

EXPERIMENT 14: MODE OF FIRE FOR
MULTIPLE AND ARSA TARGETS

OBJECTIVE

Experiments 4, 11A and 11B determined that the semiautomatic mode of fire is
superior in time to first hit and total number of hits as compared with the automatic
mode of fire against single targets in the daytime. From experiments 9 and 10 it was
conciuded that the automatic mode of fire is superior against single targets at night and
under limited visibility conditions. It was reasoned that the automatic mode of fire was
supcrior st night because the targets were indistinct, resulting in less accurate aiming,
thereby increasing the value of maximizing chance hits by the use of automatic fire. It
was further reasoned that where the target was visible, the semiautomatic mode of fire
gave as high or higher hit nrobabi'ity per trigger pull as the automatic mode did, and it
was possible to re-lay the weapon for followup shots more rapidly in the semiautomatic
mode. Multiple targets and area targets in the daylime have characterislics of both of
these situations. It was therefore necessary tc examine multiple and area targets in ti »
daytime to determine which mode of fire would maximize the number of hits and tl
number of hits per unit time.

EXPERIMENT 14A: MULTIPLE TARGETS

METHOD

Experimental Variables

The following variables along with the levels listed were examined:
A. Target Arrays
1, “E.type silhouette targets spaced 2.5 meters apart laterally and i
depth
2. “E™type silhouette targets spaced 5 meters apart laterally and in dep?)
B. Mode of Fire
1. Semiautomatic
2. Avtomatic
C. Target Distance
1. 75 meters
2. 150 melers
3. 225 melers
4. 300 meters
The foxhole firing yosition was used throughout the experiment. Two magazines of 1°
rounds were fired at each target array per range in each mode of {re.

Subjects

Twenty-four students entering the Noncommissioned Officer Candidate Cours
Fort Benning participated.
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Apparatus

There were two firing lanes, each consisting of two firing points. The first firing line
had target arrays at ranges of 75 and 225 meters. The second firing line was located 75
meters to the rear of the first line and consisted of the same target arrays at distances of
150 and 300 meters. The new target arrays consisted of four E-type silhouette targets.
The more distan: target arrays (225 and 300 me’ers) consisted of five E-type silhouette
targets. Fach silhouette target was wired to feed hit data into an M40 hit indicator
device. The M16 rifle was used. Two 15-tound magazines were used for each combination
of target distance, and mode. A total of 240 rounds were {ired for record for each man.

Procedure

The men received a briefing on the test and on concentrated fire techniques, and were
allowed to zero their weapons. They then fired the practice exercise as shown in Table 14-1.
Only selected combinations of firing point mode and range were used for practice. The
subjects fired in pairs (e.g. A & B, C & D). Each subject fired one 15-round magazine at each
of the four ranges, for a total of 60 rounds of prictice firing per student. Record fire was
conducted on the sequences indicated below on days 1, 3, and b:

Oay Sequence of Distance (Meters) Mode Sequence
] 75, 225, 155, 300 Semiautomatic, Automatic
3 150, 300, 75, 25 Automatic, Semiautomatic
5 225,75, 150, 300 Semiautomatic, Automativ

Experiment 14A alternated with Experiment 14B. Experiment 14A was conducted on
Days 1, 3, and 5. Experiment 14B was conducted on days 2, 4, and 6. Eight men were
conducted tiirough the experiment on each ¢f the three days. Each group of eight received
the range and mode sequence given above according to the day on which they participated
in the experimert. Within each group of eight, the firing point and firing line were organized
as follows:

Subject Firing Point Firing Line
ACEG 1,2 1
4,3 2
BDFH 2 1
3,4 2

Using these tables to arrive at the order of firing, on Day 1, Subject A began at Firing
Point 1 on Firing Line 1, while B began on Firing Point 2 on Firing Line 1. Both men fired
in the semiautomatic mode first at the 75 and then at the 225 meter targets. Both then
~etired unti) the other six men had fired their first sequence. Then A and B retumed to
Fsring Line 2 in order to fire the 150 and 300 meter targets on semiautomatic. Subject A
fired from Firing Point 4, B fired from Firing Point 3. Subjects A and B returned to the
firing line twice agair , firing the indicated combinations in the automatic mode.

RESULTS

Tabhles 14A-2 through 14A-1 summarize the analyses of vanance for three criteria
according to an examination of short-range targets (75 and 150 mcters) and long-range
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targets (225 and 300 meters). Table 14A-5 furnishes the mean number of hits, mean numbel
of targets hit, and mean number of hits per second for both of the array dispersions, at both
the short-range and long-range targets. Table 14A-6 furnishes the mean number of hits,
mean targets hit and mean number of hits per second for both modes of fire, for bath the
short- and long-range targets. Tables 14A-7, 14A-8, and 14A-9 furnish the means for the
interactioas that were statistically significant. From an examination of these tables, the
following conclusions can Le reached:

(1) The more dense target array resulted in more hits and more targets hit than
the less dense target crray, but the number of hits per second was not significantly differert.

(2) The seimautomatic mode of fire resulted in more hits per second, yielded two
to three times as many hits as the automatic mode of fire, using two 15 round magazines,
end resulted in more targets being hit than did automatic fire.

(3) The semiautomatic mode of fire is not only generaily superior to the
automatic mode of fire, but the superiority is enhanced by a more dense target array.

(4) The greater the tar; >t distance, the grealer the competitive advantage of
semiautomatic fire over automatic fire,

EXPERIMENT 14B: AREA TARGETS

METHOD

Experimental Variables

Experiment 14 A was an examination of the relative effectivencss of somiautamatic and
automatic fire against area targets. The variables examined were the same as variables B and
C of Experiment 14A, that is, firing mode and target distance. The same levels of bath
variables were used.

Subject

The same 24 men used in Experiment 14 A were used. Experiment 14B was conducted
on Days 2, 4, and 6 of Experiment 14, using the subjects used in Experiment 14A on the
previous day.

Apparatus

The range configuration was identical to that used in Experiment 14A except that
instead of arrays of single targets at two distances, 12 one-sjuare meter panels were arrayed
side-by-side at the near target distance, and 20 one-square meter panels were arrayed
side-by-side at the more distant target distance. Light brush and other camouflage was
placed n front of the target panels. The M16 rifte was used. Hit 2gta was fed inco an M40
hit indicator uevice so 1s Lo record hils for eacn separate panel section as well as total hits A
stopwatch was used to determine the time 1equired to expend the ammunition.

Procedure

The students received instruction on distributed fire techniques and fired the practice
excercise given in Table 14B-1. As in Experiment 14A, only selected combinations of mode
and distance were pracliced. In practice, each man had one 12-round magazine for ecach
presentation in the semiautomatic mode, and one 20-round magazine for each target
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presentation in the automatic mode, for a total of 64 rounds. Record fire was conducted
on the sequences indicated below on Days 2, 4, and 6:

Ea_v Sequence of Distance (Meters) Mode Sequcnce

2 300 150 75 225 Automatic, Semiautomatic
4 225 75 300 150 Serniautomatic, Automatic
6 300 150 225 75 Automatic, Semiautomatic

Eight men were —onducte¢ through the experiment on each of the three days. Each
group of eight received the range and mode sequence given above according to the day
on which they participated in the experiment. Within each group of eight, the firing
point and firing line were organized as follows:

Subject Firing Point Firing Line

ACEF

1
2
1
2

N

o b wN

1
4
80FH 3
3,
These tables may be used to line up the order of firing in the sam¢ manner as used in
Experiment 14A. Twelve-round magazines were used for the 12-meter wide panel targets,
20-rovnd for the 2u-meter wide targets. Two magazines were issued for each target
presentation using semiautomatic fire, six for each presentation using automatic fire.
When firing in the automatic made, the subjects were instructed to fire in 3-round bursts.

RESULTS

Tables 14B-2 through 14B-4 summarize the analyses of variance for three criteria
according to an exaniination of short-range targets (75 and 150 meters) and long-range
targets (225 and 300 meters). Table 14B-5 provides the mean perfarmance for all three
criteria for both modes at both the near and far distances. Tables 14B-6 and 14B-7 give
the means for the mode-distance interaction for the combinations of criteria and range at
which the interaction was statistically significant.

In the automatic mode, the man was allowed three times as much ammunition. This
was done in order to equate the number of trigger pulls in ai.tomatic and semiautomatic
fire, rather than the number of rounds of ammunition.

The following conclusions can be reached:

(1) For taryets within 160 meters, the automatic mode yields niore total hits
within a sector and within one meter of the ground than does semiautomatic fire, given
aa equal number of trigger pulls.

(2) Within 150 meters, automatic fire provides al leasl one hit in a larger
number of areas of a sector within one meter of the ground, than does semiavtomatic
fire, given an equal number of trigger pulls.

(3) Out to al least 300 meters, the semiautomatic mode of fire provides a
faster rate of hits per unit time for an area target within one meter of the ground than
does automalic fire,

(4) The hits per trigger pull advantage of automatic fire decreases with
increasing target distance, and is no loager a significant advantage at 225 meters.

(5) The hits per unit time advantage ol semiautomatic fire decreases somewhat
with increasing distance, but is still significant at 300 meters.
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The crucial criterion in this study was the number of hits per unit time, Whern men
were firing in the automatic mode of fire, they wele given three timey as much
ammunition in order to accomocate the three-round burst. Thus, the subjects were firing
at a much more rapid rate in the automatic mode than in the semiautomatic mode. The
majority of the second and third rounds in the three-round bursts did not strike the
target. Thus, when using ‘be seiniautomatic mode, the man achieved a much higher hit
probability per round fired than when using the autoinatic mode. However, since the
automatic mode receives the benefit of three times as much ammunition, and since the
first round of a three-round burst should be as accurate as semiautomatic fire, it is logical
that the automatic mode should achieve a greater number of hits and greater number of
targets hit than the semiautomatic mode. This should occur even if a second or third
round hits the target only occasionally.

However, the real question is whether the occasional extra hit per trigger pull is
sufficient to compensate for the extra time that is required to re-lay the weapon after
firing the automatic mode. From these data, it is apparent that the occasional extra hits
afforded by the use of automatic fire dnes not compensate for {he extra re-lay time. In
fact, the semiautomatic mode yields a faster hit rate than the automatic mode, Thus, in
an engagement lasting a specific time, the semiautomatic mode would result in more
target hits than would the automatic mode.
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Practice Cxercise, With Multiple Targets

Table 14A-1

Firing Li n‘.;lF Subjcts

I Firing Point ] Mode Order L Range rNumMrof Rounds

1 ACEG 1 Semiautomatic 75 15
2 Automatic 225 15
8 F H 2 Semiautomatic 75 15
1 Automatic 225 15
2 A E G 4 Automatic 150 15
3 Semiautomatic 300 15
B F H 3 Automatic 150 15
4 Semiautomatic 300 15
Table 14A-2
Effects of Mode of Fire for Multiple Targets on
Number of Hits, by Range: Analyses of Variance
Short Range | Loy Range
Source
df l MS | F L p 1 df MS l F I P
Array (A) 1 96.33 18.36 <001 1 109.51 14.40 <001
Mode (8) 1 6,721.33  309.70 <.001% 1 2,443.88 118.70 <001
Distance (C) 1 1,692.19 135.94 <.001 1 6503.76 24.69 <.001
Ab 1 7.52 2.75 NS 1 84.01 12.97 <.005
AC 1 16.33 1.30 NS 1 19.33 2.34 NS
8C 1 36.75 4.47 <05 1 17).63 18.62 <.001
ABC 1 0.02 <t NS 1 0.05 <1 NS
Error {A) 23 5.256 23 7.60
Error {8} 2 21.70 23 2059
Ecror (C) 23 12.45 23 20.40
Ecror {AB) 23 2.74 23 6.47
Escor (AC) 23 12,57 23 8.26
Error (BC) 23 8.23 23 9.16
Error (ABC) 23 8.65 23 4.30
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Table 14A-3

Effects of Mode of Fire for Multiple Targets on
Numb:r of Targets Hit, by Range: Analyses of Variance

Short Range T Lang Range
Source —
daf —I MS 1 F I p dr ) MS r F J p
Array (A} 1 1.02 4.95 <05 1 3.00 3.44 <05
Mode (8) 1 15.19 46.16 <00 1 168.75  120.36 <001
Distance {C) 1 8.33 22.70 <001 1 10.03 8.94 <01
AQ 1 0.0? <1 NS i 0.33 <1 NS
AC 1 0.08 <1 NS 1 ).08 <1 NS
8C 1 4.08 14.07 <.005 1 0.75 <1 NS
ABC 1 0.33 1.41 NS 1 3.00 2.87 NS
Error [A) 23 0.2* 23 0.87
Error (B) 23 0.33 23 1.40
Error (C) 23 0.37 23 1.13
Error (A8} 23 o 23 1.40
Error {AC) 23 0.42 23 0.89
Error {BC) 23 0.29 23 1.16
Error {ABC}) 23 0.24 23 1.04
Table 14A-4
Effects of Mode of Fire for Multiple Targets on Number of Hits
per Second, by Range, for Multiple Targets: Analyses of Variance
Short Range Long Range
Source I e
df MS T F «l P df MS F J P
Array (A) 1 0.004 4.00 NS 1 0.000 <3 NS
Mode (8] 1 0.054 54.00 <001 1 0.000 <1 N3
Distance {C) 1 0.019 19.00 <.001 1 0.002 <1 NS
AB 1 0.000 <1 NS 1 0.007 1.40 NS
AC 1 0.000 <1 NS 1 0.004 <1 Nu
8C 1 0.003 — — 1 0.001 <t NS
A8SC 1 0.000 <1 NS 1 0.014 2.00 NS
Error (A) 23 0.001 23 0.004
Erroe {B) 3 0.001 23 0.007
Error {C} 23 0.001 23 0.006
Error (AB) 23 0.001 23 0.005
€rror [AC) 23 0.001 23 0.007
Error (BC}) 23 0.000 23 0.005
Ertor {ABC) 23 0.00t 23 0.007
O 101
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Table 14A-5

Means for Array Disperiion, for Multiple Targets®

Atcay Dispersion—Short Range Array Dispersion—Long Range
Criterion
2.5 Meters 5.0 Meters 2.5 Meters 5.0 Meters
Number of Hits 14.47 * 13.05 7.38 * 5.86
Targets Hit 3.73 i 3.50 321 2.96
Hits per Second 0.12 0.08 0.08 0.08

3% indicates interaction is significant at the p <<.001 level; **, p <05,

Table 14A-3

Means for Mode of Fire, for Multiple Targets®

Short Range f

Long Range

—

Criterion
Semiautomatic ] Autc matic Semiautomatic Automatic

Number of Hits 19.68 ' 7.84 10.19 * 3.05
Targets Hit 3.94 . 3.38 4.2 * 2.15
Hits per Second 0.10 . 0.13 0.08 0.08

3% indicates interactinn is significant at the p <.001 level.

Table t4A-7

Means for Array-Made Interaction at
Long-Range Targets for Hit Lriterion
{Muitiple Targets)

Mode
Array
Semiautomatic l Automatic
2.5 Meters 11.60 3.15
5.0 Meters 8.77 2.96

ERIC, |
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Table 14A-8
Me:ns for Mode-Distance Int2raction for Hit Criterion
fMultiple Targets)
Short Range Target Distance Long Range Target Distance
Moge -
Near {75 meters) l Far {150 meters) | Near {225 metersJ—rFar (300 meterst
Semiautematic 23.08 16.27 12.75 7.62
Automaiic 10.38 5.31 373 2.38

Table 14A-9

Means for Mode-Distance Criterion at
Short Range for Number of Targets Criterion
{Multiple Targets)

Distance
Mode ‘
Near {75 mete.s) 1 Far (150 n eters)
Semiautomatic 4.00 3.88
Automatit 373 3.02

Table 148-1

Practice Exercise for Area Targets

Firing Line J Subdjects L Firing Point l Mode Order

ACEG 1 Semiautomatic 2256 75 12 2¢
B D FfH 2 Semiautomatic - 226 75 12 20
A CEG 4 Automatic 300 150 20 12
B DFH 3 Automatic 300 150 20 12

Distance Order Tharnber of Rounds

ERIC
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Table 14B-2

Etfects of Mode of Fire for Area Targets on
Number of Hits, by Range: Analyses of Variance

Short Range Long Range
Source —
df L MS I g T p dr ] MS T F r p
Mode (B) 1 1,086.76 30.11 <.001 1 40.04 <1 NS
Range (C} i 195.51 5.43 <.05 1 6560.67 9.60 <005
BC 1 207.09 8.23 <01 1 26.0% <1 NS
Error (B) 23 36.09 23 45.80
Error (C) 23 36.01 23 58.43
Error {BC) 23 25.16 23 35.67
Table 148-3
Effects of Mode of Fire for Area Targets on
Number of Targets Hit, by Range: Ana'yses of Variance
Short Range Long Range
Source - B - T
df _l MS ] F L p df | MS ] F | I/
Mode {8) 1 27.09 10.18 <.005 1 12.04 1.54 NS
Range {C) 1 8.76 294 <10 1 51.04 5.51 <05
BC } 0.01 <1 NS 1 2.67 <1 NS
Error (B) 23 2.60 23 7.82
Error (C} 23 2.98 23 9.26
Error (BC) 23 2.49 23 an
Table 148-4
Effects of Modes of Fire for Area Targets on Number of
Targets Hit per Second, by Range: Analyses of Variance
Short Range T Long Range
Source —— —
o | ws | ¢ | s | o | w | ¢ ]
Mode (B} 1 0.767 85.22 <.001 1 0.523 130.75 <.001
Aange (C) 1 0.091 15.17 <.001 1 0.028 7.00 <05
BC 1 n.07¢ 71.25 <05 1 0013 13.00 <005
Error {8) 23 0.002 23 0.004
Error (C) 23 0.006 23 0.004
Error {BC) 23 0.004 23 0.001
104
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Table 14B-5

Means for Mode at Near and Far Distances
for All Three Criteria
(Area Targets)

Target Distance

Criterion 75 and 150 Meters 225 and 30C Meters
Semiauvtomatic Automatic Semiautomatic Automatic
Total Hits 13.96 * 20.69 18.85 20.15
Number of Targets Hit 8.04 * 9.10 11.94 11.23
Hits per Second 0.34 * 0.16 0.22 * 0.19

*indicates interaction is significant at the p <001 level; **, p <.005.

Table 14B-6

Means for Mode-Distance Interaction? for
Hit Criterion at Near Distances
(Area Targets}

Dista~ce
Mode [-——_‘ - R
75 Meter; I 150 Meters
Semiautomatic 13.92 14.00
Automatic 25.58 17.79

3S1atistically significan (o <.01 level).

Table 14B.7

M ans for Mode-Distance Interactions for
Hit per Second Criterion?

Distar .e

Mode Near T -rgets®® Far Targets®

75 Metess ] 150 Meters 225 Meters I 300 Meters

Semiautomalic 0.39 0.29 0.36 0.32
Automaiic 0.18 0.156 0.12 0.1

8¢ indicates interaction is significant at the p <.005 tevel; **  p < 05,
O

‘ 165
114




O

ERIC

Aruitoxt provided by Eic:

Appendix O

EXPERIMENT 15: TRACER AMMUNITION DURING
DAYLIGHT TRAINING FOR NIGHT FIRE

OBJECTIVE

The primary objective of this experiment was to determine the value of training
with tracer ammunition, at night and in the daytime. Based on results of informal testing
conducted at the U.S. Army Training Center at Fort Polk, it was hypothesized that the
use of tracer ammunition in night firing excrcises might increase leaming on the part of
basic trainees. Such improvement could result because the firer can observe the tracer
round as it passes either through or near the target and is therefore able toc more
effectively adjust his fire on the target. Thus, it is possible that practice in the daytime,
using the pointing technique, would improve the night record fire.

METHOD

Experimental Variables

The following variables, along with the levels listed, were examined:
A. Practice Illumination
1. Daylight
2. Night
B. Use of Tracers in Training
1. Trained with tracers
2. Trained without tracers
C. Use of Tracers in Record Fire
1. Fired with {racers
2. Fired without tracers
D. Distance
1. 25 meters
2. 50 meters

Subjects .
Two Basic Combat Training companies at Fort Benning participated.

Apparatus

A standard, night fire record range was used. New targets for each subject were
spaced at least six meters apart. The M16 rifle was used.
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Procedure

The two Basic Combat Training compznies fired for 1ecord on different nights. Each
company was subdivided into eight groups: corresponding to these eight experimental
conditions:

(1) Received training as outlined in TT 23-71-1 during Periods 21 and 22
including tracer training and all tracer firing.

(2) Received thz sanie training as Group 1, except that the 20 rounds of
record fire in Period 22 were conducted with ball ammunition.

(3) Received training as outlined in TT 23-71-1 in Periods 21 and 22 except
for the 20 rounds for record fire in Period 22 were conducted with tracer ammunition.

(4) Received training as outlined in TT 23-71-1 for Periods 21 and 22.

(5) Received firing as outlined in TT 23-71-1 except that they were instructed
on tne use of tracer ammunition, and all firing with the service weapon was done during
darkness using tracer ammunition.

(6) Received the same firing as Group 5 except that the 20 rounds of record
‘ire in Period 22 were conducted with ball ammunition.

(7) Received training as outlined in TT 23-71-1 except all firing with thc
service weapon was done during darkness using ball ammunition, except during Period 22
(record fire} when tracer ammunition was used.

(8) Received training as outlined in T 23-71-1 except all service weapons
firing in Period 21 was conducted during darkness. .

Hite vrere scored by counting the holes in the targels. All men fired in the
seraiautomatic mode.

RESULTS

The analyses of variance for total hits at 25 and 50 meters respectively are given in
Table 15-1. The mean numbers of hits are given in Tables 15-2 and 15-3. An examination
of these tables leads to the following conclusions:

{1} Night firing performance inproves considcrably when tracers are used.

(2) Night firing practice should be conducted with tracers if, and only if, it is

intended that they be used for night firing.

(3) Daytime practice for night firing is superior to night practice.
All these conclusions are commonsense-type statements, with the possible exception of
the third. It might seem strange that day practice would be more useful for night firing
than night practice would be. However, Statement (3) does not nican that the elimination
of all night practice would be desirable. When f{iring in the daytime using night
techniques, the strike of the bullet can be seen. This is not true at night. Apparently at
this point in the instruction, the knowledge of results that is obtained from seeing the
strike of the bullel in the daytinte more than offsels the disadvantages of practicing in an
unreal situation.
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Table 151

Effects of Use of Tracer Ammunition During Daylight Training for
Night i =n Total Hits, by Range: Analyses of Variance

Range/Source r ar T—MS | F [ o

25 Meters

Practice liumination {A) 1 187.64 23.82 <.001
Tracer Training {B} t 3.89 <1 NS
Tracer Record (C} 1 8265.34 104.78 <001
AB 1 6.28 <1 NS

AC 1 10.57 1.34 NS

BC 1 45.82 5.82 <05
ABC 1 0.64 <1 NS
Error 344 7.88

50 Meters

Practice Illumination (A) 1 9.56 1.34 NS
Tracer Training (B} 1 0.28 <1 NS
Tracer Record (C) 1 269.50 37.72 <001
A8 1 2.92 <1 NS
AC 1 3.28 <1 NS
BC 1 70.92 9.93 <

ABC 1 0.18 <1 NS

Error 344 7.14

Table 15-2

Mean Number of Hits With Practice in
Daylight and at Nigh., at 25 Meters

Record Fire
Training ~ Mean
With Tracer [ Without Tracer

Practice in Daylight

With Trecer 8.62 759 8.06
Without Tracer 1.77 6.48 7.12
Mean B.15 7.03 7.59
Practice at Night
With Tracer 5.00 355 4.27
Without Tracer 585 3.70 4.78
Mean 543 362 453
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l1abfe 15-3

Mean Number of Hits With Practice in
Daylight and at Night, at 50 Meters

;
3
3
|

Record Fire
Training N.ean
With Tracer Without Tracer
Practice in Daylight
With Tracer 411 4.11 4.11
4 Without Trecer 3.41 3.14 3.27
1 Mean 3.76 3.62 3.60
: Practice at Night
- With Tracer 1.61 1.32 1.47
Without Tracer 280 2,05 2.42
4 Mean 2.20 1.68 1.94
\
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Appendix P

EXPERIMENT 16: COMPARISONS OF NEW AND OLD BASIC
RiIFLE MARKSMANSHIP PROGRAMS

OBJECTIVE

Before any new program is implemented, a ““wial run” is needed, serving two
purposes: First, it compares the new and old programs before the new program replaces
the old; second, it allows an opportunity for a *shakedown” of the new prograni.
Experiment 16 was conducted to accomplish these two purposes.

METHOD

Subjects

One company of 147 basic trainees from the U.S. Aimy Training Center at Fort
Benning were conducted through the new program. The base data used to represent the
old program were the mean performances of all of the personnel of the eight training
companies who participated in Experiment 1 at Forts Gordon and Jackson.

Apparatus and Procedure

All men fired with the M16 rifle. A comgarison of the old BRM program with the
new program prepared by the Rifle Marksmanship Evaluation Study Group is provided in
Table 16-1. Additional information concerning the old program is available in Field
Manual 23-71, August 1969, while the new program is described in greater detail in Draft
Subject Schedule 23-72, January 1970.

The new program was administered by personnel of the Weapons Departinent of the
Infantry School. Having the program administered hy the normal teaching cadre would
have assured a more valid comparison between the old and the new programs. However, a
second goal of this experiment was to provide a *“shakedown' of the instruction, and
those writing the program were in a better position to make the nccessary adjustments
seeing the difficulties first hand.

RESULTS

Since the new program differs from the old in terms of the number and type of
targets, a statistical comparison between the two programs cannot be made without
running a separate criterion test. However, in Figures 16.1 and 16-2 the hit probabilities
for the old and new BRM programs for aimed supported fire and aimed unsupported fire
are compared. It is highly unlikely that proportional differences of this magnitude could
be due to chance.

1o
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Table 16-1

Compaiison of & "1 Programs

New Program Otd Program
Period -
Ins.ruction | Rounds l Hours Instruction LRounds ] Hours
! Orientation and 0 4 Orientation 0 1
Mechar.ica! Training
22 Introduction to 9 4 Mechanica! Training 0 4
Marksmanshin Training
3 Preparatory 0 4 Introduction to 0 2
Marksmanship Mark:manship
q Preparatory 27 4 Preparatory 9 4
Marksmanship Marksmanship
5 Preparatory Marks- 27 4 Preparatory 0 2
manship Training Marksmanship
6 25-Meter Firing 36 4 25-Meter Firing and 21 6
Target Detection
7 Intreduction tn 36 4 256-Meter Firing and 31 7
Field Firing Tergot Detection
8 Field Fire and 24 L] 25-Meter Firing and 21 4
Target Detection Refire Zero
9 Field Fire and 36 / Fietd Firing and 66 8
Target Detection 25-Meter Firing
10 Field Fire and Target 36 q Field Firing and Target 36 4
Detection Detection
11 Field Fire and Target 36 q Fietd Firing and Target 36 4
Detection Detection
12 Fietd Fire, Target 36 q Fieid Firing 36 3
Box and Rapid
Magazine Change
13 Record Fire { and 40 q Field Firing and Targ2t 40 4
Aeriaf Target Detection
Engagement
14 Air Rifle Training 600 3 Quick Fire 0 3
BBs
15 Transition 1o 40 4 Quick Fire 60 4
MYSAT With Ribs
16 Remedial Firing (Field) 36 4 Field Firing and 50 4
and Target Detection 25 Meter Firing
17 Field Fire {Remedial} 26 4 F eld Firing and Target 36 4
Target Detection Detection
Continued e
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Tabte 16-1 {Continued)

Comparison of BRM Programs

New Program O!d Program
Period |—
| Instruction i Rounds l Hours - Instruction T Rounds I Hours
18 Record Fire |l and 40 4 Record Fire | and 56 4
Aerial Target Target Detection
Engagement
19 25-Meter Automatic 36 2 Record Fire 1l and 40 4
Firing Target Detection
20 Autcrnatic Fire, 30 2 Night Fire 20 2
25-Meter Range Orientation
21 Night Firing 32 3 Night Firing 32 2%
72 Night Corrective 72 3 Night Firing 32 2%
Firing (Daytime)
23 Night Record Firing 72 3
Tatal 755 84 625 &3
/
Q
n2
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Appendix Q

EXPERIMENT 17: COMPARISON OF KNEELING, PRONE,
SITTING, AND SQUATTING POSITIONS

OBJECTIVE

The objective of this experiment was to conduct a simple study of the effects of
firing range (distance) and firing position on the number of hits obtained and the time
required to fire.

METHOD

Experimental Variables

The following variables, along with the levels listed were examined:
A. Range
1. 75 meters
2. 175 meters
3. 360 meters
B. Offensive Position
1. Kneeling
2. Squatting
3. Prone
4. Sitting
C. Defensive Position
1. Foxhole
2. Bunker

Subjects

Twenty-four students entering the Noncommissioned Officer Candidate Schoo! at
Fort Benning, Georgia participated.

Apparatus

The 75+ 175- and 300-meter targets from three adjacent lanes of a standard, BRM
field fire range were used. The M16 rille was used.

Procedure

The men were taken to u standard, BRM, 25-meter range for preliminary
instructions and the confirming of their zero. Although the weapons had been prezeroed
by a mechanical d-vice, the men were given the opportunity to confirm the zero for cach
weapon. They were then transported to the field fire range to fire for record, and divided
into two groups of 12. Since all had qualificd with the M16 rifle and had received
instruction in all positions in their BRM and AIT programs, no further practice was given,

ERIC:
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During record fire, each man loaded an 18-round magazine and prepared to fire in
the position described by the tower operator. When instructed to fire from an offensive
position, the men were told that upon observing the target, they were to assume the
prescribed firing position and engage the target in the shortest possible time. For
offensive targets, the firer always began in the standing position. The firer was allowed
only one round per target presentation, regardless of whether he obtained a hit. Each
man engaged a 75-, 175- and a 300-meter target from each position.

The order of the presentation of range was randomized. The man was located on the k
middie of the three lanes. The lane in which the target was presented was randomized to
increase the number of potential tavgets in each situation. The counterbalancing of the
position sequence and target sequence by order is shown in Table 17-1; four
counterbalancing orders 1zere used.

The two defensive positions were examined at the same timme, and identically except
that the individuals assumed the position prior to the presentation of the targets.

Time to fire, measured from target presentati n and number of hits ware the
measures obtained. All men fired in the semiautomatic mode.

E
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RESULTS ;

The analyses of variance are gi'en in Tables 17-2, 17-5, and 17-8. The mean
numbers of hits and the mean times to fire are given in Tables 17-3, 17-4, 176, 17.7, )
17-9 and 17-10. Both firing range and firing position had a significant effect on the p
numrber of hits obtained. A significant difference in performance was not obtained
between the kneeling and the prone firing positions in total hits. However, all other

positions were significantly different from each other in terms of the nuniber of hits

obtained. The rank order of superiority of the firing positions in tota! hits with the best i

ranked first, was: .
(1) Bunker {

(2) Foxhole
(3) Fione and knecliug
(4) Squatting
{5) Sitting
Among the offensive firing positions, the kneeling configuration was found to be
siguificantly faster in firing than the other three positions tested. Thus, although the
prone position is as accurate as the kneeling position, and both are superior to the
squatting and sitting positions in accuracy, the knecling position is superior to all three of
the other offensive positions in time to [fire. There was no significant difference between
the two defensive positions (bunker and foxhole) in time to fire.
Considering both hit and time data, the bunker position appeared to be superior to
the foxhole position, while the rank order of superiority for the offensive positions was:
{1) Kneeling
(2) Prone
(3) Squatting
(4) Sitting

O
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Table 17-1

Counterbalancing of Variabtes

Order Position Sequence

Distance Sequence

{meters)
A Foxhole 1756 300 75
8unker 175 300 75
Prone 75 300 175
Sitting 75 300 175
Kneeling 300 175 75
Squatting 300 75 175
8 Squatting 176 300 75
Kneeling 75 300 175
Sitling 75 175 300
Prone 75 175 300
Bunker 300 175 75
Foxhole 175 300 75
z Sitting 75 300 175
Kneeling 300 75 175
Squatting 175 300 5
Foxhole 300 175 75
Bunker 75 175 300
Prone 75 175 300
D Prone 300 176 75
Bunker 75 300 175
foxhole 75 175 300
Squatting 300 75 175
Kneeling 300 175 75
Sitting 175 300 75
Table 17-2

Effects of Firing Position on Hits:

Analysis of Variance

Source of Variation [ df l MS l F l

Range (A} 2 128.01
Position (B) 5 2480
AB 10 0.82
Error {A) 446 0.88
Error (B) 115 0.82
Error (AB)

230 0.77

145.47 <.01
30.24 <.0t

1.06
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Table 17-3
Mean Number of Hits, by Range

Range Mean Number
{m¢ ters) of Hits
75 2.72
175 2.65
300 1.05

Table 17-5

Table 17-4
Mean Number of Hits,

by Position
Position Mean Number of Hits
Bunker 2.94
~oxhole 2.79
Prone 1.94
Kneeling 1.89
Squatting 1.72 -
Sitting 1.53

Effects of Offensive Positions on
Time to Fire: Analysis of Variance

Source of Variation l I My l F J p
Range (A) 341.43 89.61 <01
Position (B) 56.54 10.13 <0
A8 3.63 1.92 NS
Error {A) 3.81
Error {8) 5.58
Error (AB) 1.89
Tatle 17-6 Table 17-7

Mean Time to Fire, by Range, For
Offensive Positions

Range Mean Time

{meters} to Fire
75 5.39
175 5.74
300 6.32

126."

Mean Time to Fire, by Position, For
Offensive Positions

» Mean Time
Position to Fire
Kneelir g 551
Squatting 5.81
Prone 556
Sitting 5.99

17



Table 17-8

Effects of Defensive Positions on
Time to Fire: Analysis of Variance

Source of Variation df L MS L F I p

Range (A) 2 142.07 60.52 <01
Position (B) 1 7.1 3.6t NS
AB 2 11.55 8.62 <01
Error (A) 46 2.43
Error (B) 23 1.97
Error {AB) 46 1.34

Table 179

Mean Time to Fire, by Range, For
Defensive Positions

Range Mean Time
(meters) to Fire
75 3.13
175 3.58
300 401
Table 17-10

Mean Time to Fire, by Position and Range,
for Defentive Positions

- Range Mean Time
Position [meters) to Fi:e
Foxhole 75 2.35
175 3.65
300 3.96
Bunker 75 33
175 3.52
300 4.05
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Appendix R

EXPERIMENT 18: EVALUATION OF POSSIBLE
MODIFICATION TO PRONE POSITIONS

OBJECTIVE

The objective of this experiment was to determine the relative superiority of the
angled and straight line variations of the prone and prone supported firing positions.
BRM trainees are presently taught that the optimum angle furmed ™y the firer’s body
and the line of sight of the rifle in the prone/prone supported firing position, using the
M14 Rifle, is approximately 30°. In Field Manual 23-9, paragraph 25 c, it is stated that a
straight line firing position is the most stable for the M1G rifle. No data eomparing the
positions were available. All other things being equai, the straight line firing position
would be more desirable than the angled position, because a smaller percentage of the
firer’s body would be exposed to hostile fire.

METHOD

Experimental Varizbles

The following variables, along with the levels listed, were examined:
A. Mode
1. Semiautomatic
2. Automatic (three-round burst)
B. Position
1. Angled (30 Degrees)
2. Straight line
C. Support
1. Prone supported
2. Prone unsupported
D. Distance
1. 75 reters
2. 175 meters
3. 300 meters

Subjects

Twenty-four students entering the Nencommissioned Officer Candidate School at
Fort Benning participated in the experiment.

Apparatus

The 75-, 175-, and 300-meter targets from a single lane of a standard BRM field fire
range were used. The M16 rifle was used.

O
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Procedure

The subjects f{ired one at a time and each man came to the firing line twice. The
first time he fired ail combinations of position, support and distance in one of the two
modes. He then retired from the firing line and waited while all the others fired their
first order. When all the men had fired their first order they weie returned to the firing
line one at a time to fire the same combinations of position, support, and target distance
for the other mode of fire. There were four different counterb~lancing groups, as shown
in Table 18-1, six men in each group. The study took {wo aays, and three men from
each of the four counterbaluncing groups participated on each day. The study was
conducted in December 1969 at Fort Benning.

RESULTS

The analyses of variance and the means for various combinations of the varigbles for
the number of trigger pulls required to first hit and the time to first hit are presented in
Tables 18-2 through i8-5. The conclusions of this experiment, as illustrated in the tables,
are:

(1) The straight line unsupported position is superior to the angled
unsupported position in hoth trigger pulls and time to fist hit. There was
no difference between the straight line and the angled position when
support was used.

(2) Semiautomatic fire is superior to automatic fire in both number of trigger
pulls and time to first hit.

(3} Supported fire is superior to unsupported fire in both trigger pulls to first
hit and time to first hit.

In summary, the straight line position is superior when no support is available.
Support is preferable when available. When support is used, the choice of straight line vs.
angled body position is irrelevant. The semiautomatic mode is superior to the automatic
mode of fire.
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Table 18-1 &
B
Counterbalancing of Variables K
Group Mode-Position-Support Sequence Target D;:;::;)Sequence
A Semiautomatic-Ang'ec-Prone 75 175 300 B
Semizutomatic-Angled-Prone Supported 176 300 75 i
Semiautomatic-Straight-Prone 300 75 175 E
Semiautomatic-Straight-Prone Supported 75 300 175
Automatic-Angled-Prone 176 75 300 i
Automatic-Anglad-Prone Supported 300 175 75 4
Automatic-Straight-Prone 176 300 75 :
Automatic-Straight-Prone Supported 75 175 300
8 Automatic-Straight-Prone Supported 76 175 300
Automatic-Straight-Prone 1756 300 75
Automatic-Angled-Prone Supported 300 75 175
Automatic-Angled-Prone 75 300 175
Semiautomatic-Straight-Prorie-Supported 176 75 300
Semiautomatic-Straight-Prone 300 175 75
Semiautomatic-Angled-Prone Supported 176 300 75
Semiautomatic-Angied-Prone 75 175 200
C Automatic-Angled-Prone 75 175 300
Automatic-Angled-Prone Supported 175 300 75
Automatic-Straight-Prone 300 75 175
Automatic-Straight-Prone Supported 75 300 175
Semiaitomatic-Angled-Prone 176 75 300
Semiautomatic-Angled-Prone Supported 300 175 75
Semiautomatic-Straight-Prone 175 300 75
Semiautomatic-Straight-Prone Supporteu 75 175 300
D Semiautomatic-Straight-Prone Supported 75 175 300 {
Semiautomatic-Straight-Prone 175 300 75
Semiautomatic-Ang'ed-Prone Supported 500 75 75
Semiautomatic-Angled-Prone 75 300 175
Automatic-Straight-Prone Supported 176 75 300
Automatic-Straight-Prone 300 175 75
Automatic-Angled-Prone Supporterd 176 300 75
Automatic-Angled-Prone 75 175 300
O
ERIC .
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Effects of Modifications to Prone Positions on
Trigger Pulls to First Hit: Analysis of Variance

Table 18-2

Source of Variation l ar J
Mode (A) 1 38.03
Position (B} 1 2.51
Support (C) 1 42,25
Distance (D) 2 210.51
AB 1 0.44
AC ] 18.06
AD 2 4,74
BC 1 7.1
;0] 2 0.84
co 2 3.17
ABC 1 0.01
ABD 2 0.24
ACD 2 0.33
BCD 2 1.62
ABCD 2 0.13
Error (A} 23 1.81
Error (B} 23 0.7
Error (C) 23 2.08
Error (D) 46 1.24
Error {AB) 23 1.33
Error (AC) 23 0.79
Error {AD) 46 1.46
Error (BC) 23 0.98
Error (BD) 46 0.95
Error (CD) 46 1.60
Error (ABC) 23 1.36
Error (ABD) 46 1.32
Error {ACD) 46 1.20
Error {BCD) 46 0.80
Error (ABCD) 46 1.30

21.01
3.54
20.31
169.77

<1
22.86
3.26
1.26
<1
1.98
<1
<1
<1
2.03
<1

L D

<01

NS
<0
<0

NS
<.01
<05
<.05

NS

NS

NS

NS

NS

NS

NS

Table 18-3

Mean Number of Trigger Pulis

Required for

Various Treatment Conditions

Treatment Condition

Mean Number

of Pulis

Semiautomatic
Automatic

Supportec!
Unsupported

Range
75 Meters
175 Meters
300 Meters

Supparted
€zmiautomatic
Automatic

Straight Line
30°

Ursupported
Semiautomatic
Automatic

Straight Line
30°

213
264

21
2.66

1.74
1.82
3.569

2.03
219

2.16
2.07

2.22
3.09

2.48
233

O
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Table 18-4 Table 18-5
4
Etfects of Madifications to Prone Positions on Mean Time to First Hit
Time to First Hit: Analysis of Variance for Various Treatment Conditions
m 0
5 Source of Variation I af L MS r F J P Treatment Condition Me:::;: H: ©
3 Mode (A) 1 1,898.78  70.04 <o Semiautomatic 8.45
Lt Position (B) 1 120.82 4.52 <05 Automatic 12.08
Support (C} 1 1,153.73 21.89 <01 30° 1072
F Distance (D} 2 7,525.67 205.39 <01 Straight Line .81
AB 1 0.95 <1 NS
] AC 1 2026 <1 NS ﬁ”pp“‘ed 18'85
3 AD 2 93518 2871 <01 nsupported 1.68
g ec 1 350.31 8.36 <01 Range
: BD 2 38.76 1.86 NS 75 Meters 6.09
CD 2 26.76 1.01 NS 175 Meters 7.24
ABC 1 73.11 2.65 NS 300 Meters 17.46
ABD 2 10.98 <1 NS
; ACD 2 2461 <1 NS Supported
; BCD 2 8.80 <1 NS Slroaight Line 9.17
ABCD 2 86.06  2.60 NS 30 853
Ecror (A) 23 27.11 Unsuppforted_
Error (B) 23 26.72 Stroalght Line 10.44
1 Ercor (C) 23 52.71 30 1292
1 Error (D) 46 36.64
Error {AB) 23 40.68
‘ Error {AC) 23 23.29
i Error (AD) 46 3257
1 Error {BC} 23 419
Error {BD] 46 20.82
1 Error {CD} 45 26.62
3 Error {ABC) 23 27.60
[ Error {ABD) 48 349
L Error {ACD) 46 31.22
Ertor {8CD) 46 20.97
Error {ABCD) 46 33.08
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Appendix §
EXPERIMENT 19: COMPARISON OF THE STANDARD, TRI-LUX,
PROMETHIUM, AND OPEN SIGHTS FOR NIGHT USAGE

OBJECTIVE

The purpose of this study was to compare the effectiveness oi various night sights
under half- and fulllmocn conditions. Previous tests have not examined the different
sights under the increased illumination obtained with a full moon, or the use of the
Promethium and Open night sights.

METHOD

Experimental Variables

The following variables, along with the levels listed, were examined:

Part 1 - Full Moon Part 2 - Halt Moon

2. 75 meters

A. Sight A. Sight
1. Standard M16A1l 1. Standard M16A1l
2. Tri-Lux 2. Tri-Lux
3. Promethium 3. Promethium
4. Open
Distance B. Distance
1. 25 meters 1. 25 meters
2. 50 meters 2. 50 metoers

3. 75 meters

The data for both parts of the experiment were analyzed using a Lindquist
treatments-by-subjects design. Two analyses were conducted for each phase with variables
A and B as within-subject factors. The criteria of performance measures used for the
analyses of cach phase were the total number of hits and the time, in seconds, required
to obtain the first hit.

Subjects

Forty-eight members of a class of the Noncommissioned Officer Candidate School at
Fort Benning participated in this study, 24 under the full-moon condition of Part 1, and
24 in Part 2, the half-moon condition.
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Apparatus

One firing lane was used with three targets placed in a staggered configuration in
front of the firer at ranges of 25, 50. and 75 meters. Each target was equipped with a
microswitch that started a clock when the target appeared and stopped it when the target
was hit. The clock was capable of measuring the response time to the nearest hundredth
of a second. The test was conducted with the M16 rifle using the M16A1, Tri-Lux, Open,
and Promethium sighls. The Tri-Lux sight is described in Experimeni 10. The
Promethium sight was similar to the Tri-Lux, except that Promethium was used as the
luminescent element. The rear aperture was circular with an inside diameter of 0.70
centimeter. The Open sight was simply the “U” of the carrying handle without a sight.

Procedure

On the afternoon of the test, the men were instructed briefly on the proper use of
the different night sights, then given a total of 18 rounds each for practice firing. After
being instructed on the range configuration, the iocation of targets, and the procedure to
follow on the firing line, each firer was moved to the firing line and requested to assume
a good prone supported position. The man was then given a six-round magazine and told
to “watch your lane.” The firer was instructed to fire six rounds at each target when it
appeared, always using the semiautomatic mode of fire. The time required to obtain the
first hit and the total number of hits were both recorded.

Each mar. followed this procedure until he had fired at all targets with all sights,
using a six-round clip, under eack experimenta! condition. The order of firing with each
type of sight was counterbalanced and the targets at the various ranges appeared in
random sequence. The record firing for Part 2, which was the half-moon condition was
conducted three weeks after the record firing for Part 1.

RESULTS

Part }

Number of Hits. This analysis indicated that the type of sight employed had a
significant effect on the number of hits obtained (p<.01). When this effect was examined
furiher with the Tukey A prncedure, it was determined that the Tri-Lux and Promethium
sights obtained significantly more hits than did the Standard sight (p<.01). The means
for the number of hits were 2.79, 4,51, and 4.58 for the Standard, Tri-Lux. and
Promethium sights, respectively. The analysis also indicated that all firing ranges were
sigmificantly different from each other with respect to the number of hits obtained
{p=.01). The means were 547 at 25 meters, 4.03 at 50 meters, and 2.39 at 75 meters.
When Tukey’s test was applied to the significant Sight by Distance interaction, many
significant differences were obtained (p<.01). Those relevant to the experimental
objectives were: (a) Tri-Lux and Promethium vs. Standard (25 meters), (b) Tri-Lux and
Promethium vs. Standa:d (50 meters), and (¢} Promethium vs. Standard (75 meters). The
analysis of variance summary is presented in Table 19-1 and the Sight by Distance
interaclion is represented in Figure 191

Time to Fist Hit. The time analysis indicated that both sight and distance
significantly affected the amount of time required to obtain the first hit (p<.01). Tukey's
test indicated that significantly mere time was required for the first hit with the Standard
sight (11.02 seconds) than was necessary with either the Tri-Lux (6.33 seconds) er the
Promethium (5.9 seconds) sight (p<.01)
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All the firing ranges were found to be significantly different from each other
with respect to the amount of time required to obtain a hit (p<.01). The mean times
required were 2.65 seconds at 25 meters, 8.01 seconds at 50 meters, and 12.64 seconds
at 75 meters. Using Tukey's test, the Sight-by-Distance interaction indicated that the
Tri-Lux and Promethium sights required significantly less time to record the first hit at
50 meters (p<.01) and also at 75 meters (p<.05) than was necessary for the Standard
sight. The summary for the analysis of variance is shown in Table 19-1 and the Sight by
Distance interaction is plotted in Figure 19-2,

Part 2

Number of Hits. This analysis indicated that both weapon sight and firing range had
a significant eifect on the total number of hits recorded (p<.01). The mean numbers of
hits obtained with each nf the weapon sights were: Stendard, 2.01; Tri-Lux, 3.33:
Promethium, 2.83; and Open, 3.19. When the Tukey A procedure was applied to these
means, the Standard sight was found to be significantly inferior to the other three sights
tested (p<.01). The means for each of the firing ranges were 5.14 at 25 meters, 2.32 at
50 meters, and 1.07 at 75 meters. Tukey’s test indicated that these means were all
significantly different from each other (p<.01). A summary of the analysis of variance is
given in Table 19-2.

Time to First Hit. Weapon sight (p<.25) and target distance (p<.01) both had a
significant effect on the armount of time required to obtain the first hit. The mean time
required to obtain a hit with each of the sights was 16.94 seconds for the Standard,
12.85 for the Tri-Lux, 13.92 for the Promethium, and 12.13 with the Open sight. It was
determined by Tukey's test that the significance of this main effect was due to a
significant difference between the Standard z1d Open sights {p<.05). All target distances
were significantly different from each other with respect to the amount of time required
to record the first hit (p<.01). The analysis cf variance summary table is presented in
Table 19-2.

DISCUSSION

Under full-moon illumination, the Tri-Lux and Promethium sights were found to be
significantly superior to the Standard M16A1 rifle sight with respect to the total number
of hits obtained and the amount of time recuired to record the first hit. Although no
significant differences were obtained between the Tri-Lu¥ and Promethium sights, the
Promethium sight resulted in significantly more hits than were achieved with the
Stnadard sight at the 75-meter range, but no difference was cobtained between the
Tri-Lux and Standard sights at this range. The Tri-Lux and Promethium sights were both
significantly faster in obtaining the {irst hit than was the Standard sight at the 50-meter
range (p<.01} and also at the 75-meter range (p<.056).

The Tri-Lux, Promethium, and Open sights all obtained significantly more hits than
the Standard sigint under half-moon illumination. The Open sight was fcund to be
significantly faster than the Standard sight in scoring the first hit, but this was the only
significant time difference obtained betwceen sights for the half-moon condition.

The differences between sights tend to b2 reduced or climinated as target distance
increases and as the amount of illumination decreases. The differences between sights in
the form of Sight by Distance interaction effecls that were present in Part 1 were lost
under the reduced illumination of the half-moon condition. The over-all cffects of
reducing the illumination from a full to a half-moon condition appear to approximately
double the amount of time required to score the first hit and to reduce the number of
hits obtained by about one-third.

126




Promethium, and Open sights were found to be superior to
s of the number of hits recorded and the
fferences were

In ge..cral, the Tri-Lux,

the Standard sight for night firing in term
amount of timy required to obtain the first hit. Although no significant di

obtained hetween the Tri-Lux, Promethium, and Open sights, one set of treatment
conditions favored the Promethium sight and the Opcn sight was found to be faster
under the half-moon condition. A more definitive statement concerning the best sight
could probably be made if data were available on the effectiveness of the Open sight

under full-moon illumination.
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Sight by Distance Interaction (Mean Number of Hits)
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Table 18-1

Effects of Various Hight Sights on Total Number of Hits and
Time to First Hit, Part I: Analyses of Yariance

Numter of Hits Time to First Hit
Source - - - - — T -
df ] MS L F l p o ] MS [—-F l p
Sight {A) 2 74.17 26.12 <01 2 575.28 9.85 <.01
Distance (B) 2 171.35 87.87 <01 2 1,801.47 29.23 <01
AB 4 5.40 4.23 <.01 4 94.12 2.64 <05
Error {A) 46 2.84 45 53.43
Error (B) 46 1.95 a6 45.92
Frror {AB) 92 1.26 92 35.71
Table 19-2

Effects of Various Night Sights on Total Number of Hits and
Time to First Hig, Part 2: Analyses of Variance

Number of Hits Time to First Hir
Sourcea e e i A - -1

cf l MS [ F I p df l MS l F | p
Sight (A) 3 25.24 10.93 <01 3 323.37 2,97 <.05
Distance (®) 2 415.63 230.21 <.01 2 9,202.69 91.82 <.01
AB 6 1.30 <1 NS 6 143.62 2.04 NS
Error (A} 69 231 69 103.83
Error {B) 46 1.80 1€ 100.23
Error {AB) 138 1.74 138 70.50
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Appendix T

EXPERIMENT 20: COMPARISON OF MI6AY, TRI-LUX, OPEN,
AND PROMETHIUM SIGHTS UNDER DAYLIGHT CONDITIONS

OBJECTIVE

It was conciuded from Subexperiments 11A and 11B that the Tri-Lux sight has a
speedfaccuracy advantage within 25-meter target distance, and that there is no
disadvantage to its continued use to a distance of 50 meters. Beyond 50 nieters, the
Tri-Lux sight became increasingly inferior to the standard M16A1 sight.

The Tri-Lux sight has an extremely large rear aperture (1.00 x 0.75 cin) that
increases the capability for fast, coarse aim at near targets. However, it makes moze
accurate aim at more distant targets difficult. The Promethiuni sight is an alrcady
developed night sight, similar to the Tri-Lux, except that a different luminous element is
used and the rear aperture is smnailer, but still quite large (.070 cm in diameter). It was
reasoned that this smaller, but still large rear aperture might provide & better compromise
between the requirements of coarse aim for near targets, and the requirements for
precision aim at more distant targets, thus providing a larger safety zone beyond whizh it
would be necessary to change to a smaller peep sight.

METHOD

Expetimental Variables

The following variables, along with the lovels listed were examined:

A. Sights
1. Standard M16A1
2. Tri-Lux
3. Promethium
4. Open
B. Range
1. 15 meters
2. 25 meters
3. 50 meters
4. 75 meters
5. 100 meters
G. 125 meters
7. 150 meters
All subjects fired the MI16 rifle, fromy the kneeling position, in the semiautomatic mode
of fire.
Subjects

Thirty-two students entering the Noncommissioned Officer Candidate School at Fort
Benning participated as subjects.
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Apparatus

A single firing lane with seven pop-up “E”-type silhouette targeis positioned in a
staggered configuration to the left and right at ranges from 15 to 150 meters were used.
A microswitch on each target actuated an electric clock as the target was raised, and
stopped the ciock when the target was ‘Filled.” The clock measured to the nearest
hundredth of a second. The M16 rifle was used.

Procedure

Before the test, the firer was briefed on the range configuration, location of targets,
and procedures on the firing line. To complete cach exercise, the firer moved to the
firing line and assumed a good kneeling supported position. Hez was then handed a
six-round magazine and instructed to “watch your lane.” When the target appeared the
man fired at it untii a hit was obtained or until he had fired all six rounds. The time
from target presentation to target hit, and the tot | number of trigger pulls to target hit
was recorded by a scorekeeoer. The seven targels were presented in random order, aud
the order of presentation of the four sights was counterbalanced as shows: in Tabte 20-1.
Each man took his position on the firing line three times. In e ch case he fired using one
sight, at all target distances.

Before firing for record, the experiment sequence was conducted for practice. The
practice was identical to record fire except that only a three.-round magazire was used for
each target, and only the 15, 75, and 150 meter tarfets were used. The experiment
required three days. Eleven subjects were conducted thrcugh the experiment on each or
the first two days. Ten subjects were conducted through on the third dey.

RESULTS

Summaries of the analyses of variance on the number of trigger pulls and the time
required to hit the target are provided in Table 29-2. Summaries of the means for all the
sight/distance combinations for both of the.e criteria are given in Table 20-3. The
difference among the four sights was quite significant (p<.001). The principal cause for
this significance was the overall superiority of the M16A1 sight, considering botls cri*eria.
However, the interaction between the type of sight used and the target distance was also
significant (p<.001).

In the case of the time to first hit, the significance of this interaction was due
primarily to the comparative speed of the large rear-apertu e sight, and to a lesser extent
to the open sight at the 15. and 25.meter targets (Table 20-3). In terms of trigger pulls
to first hit, all of the sights were about equal within 50 meters, but the large
rear-aperture sights became increasingly inferior with increasing distance.

These results tend to support the results of Subtest 11A and 113 which concluded
that a large rear-aperture sight would decrease the time required to hit a target in the
daytime out to a distance of about 50 meters Beyond 50 mete.s, the more precise
alignment made possible by the smaller aperture of the M16A1 sight is required.
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Table 20-1

Counterbalancing and Randomization of Variables

Order USVUE];;() J Sight Seauence Targ;rtn?::jance
A i,6,9,13,17,21,25,29 Standard 12,125,50,75,25,100,150
Tri-Lux 100,25,50,150,75,15,125
Promethium 75,100,125,15,25,150,50
Open 125,560,100, 5,150,25,15
8 2,6,10,14,18,22,26,30 Open 25,125,150,50,15,100,75
Promcthium 15,100,75,150,125,50,25
Tri-bux 100,125,25,75,15,150,50
Standard 15,125,25,150,100,75,50
C 3,7,11,15,12,23,27,31 Tri-Lux 125,75,50,150,100,25,15
Standard 150,256,50,100,125,75,15
Open 15,25,150,50,125,75,100
Prc methium 75,580,15,150,25,125,100
D 4.8.12,16,20,24,78,32 Promethium 15,160,50,25,100,125,75
Open 125,15,150,100,25,75,50
Standard 125,15,50,100,150,75,25
Tri-Lux 75,100,125,25,60,15G,15
Table 20-2
Cffects of Various Sights, in Daylight, on Trigger Pulls and
Time to First Hit: Analyses of Variance
Trigger Pulls Time
Source - - -
df ] MS [ F p df I MS I F i p
Sight (A) 3 42,38 28.77 <.001 3 390.61 38N <.001%
Thstance (B) 6 71.00 56.71 <.001 6 942.42 72.83 <.001
AB 18 7.03 6.10 <.001 18 72.63 5.64 <0
Error (A) 93 1.47 93 10.09
Error (B} 180 1.25 186 12,94
Error (AB) 558 1.15 5568 12.88
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Table 20-3

Mean Number of Trigger Pulls and Time (in seconds}

to First Hit, by Sight and Distance

Distance
Sight fmeters) —{ Mean
15 l 25 ll 50 l 75 ‘ 100—[ i25 [ 150
Triager Pulls
M16A1 1.03 1.03 1.06 1.06 1.12 1.66 1.34 1.22
Tri-Lux 1.03 1.03 1.06 1.84 3.19 3.50 3.63 2.25
Promethium 1.03 1.00 1.12 1.28 1.66 2.50 2.31 1.61
Open 1.12 1.00 1.12 1.72 2.03 3.44 3.06 1.99
Mean 1.05 1.02 1.09 1.48 2.00 2.77 2.58 1.71
Time to First HIt
{seconds)
M16A1 1.43 1.14 1.42 1.61 2.26 3.93 3.01 2.11
Tri-Lux 1.15 1.06 i.62 3.65 8.24 9.63 1049 5.12
Prometihium 1.33 1.00 1.57 2.1 3.77 6.23 6.28 3.18
Open 1.43 1.10 1.74 3.29 4.56 9.85 8.50 4.35
Mean 1.33 1.07 1.69 2.66 a4n 7.41 7.07 3.69

142.:

133




Appendix U

EXFERIMENT 21: THE EFFECTIVENESS OF DIFFERENT
METHODS OF WEAPON CARRY

OBJECTIVE

The purpose of this study was to confirm the hit probabilities and engagement times
obtained during Subexperiment 11B for different weapon carries. The results of this
previous test indicated that the modified RBritish alert position (without sling) was
superior to the underarm carry (in time to first round hit} up to a distance of 25 meters.
The present study was an attempt to replicate this result and also to include comparisons
of the modified British alert (with sling) and high port methods of weapon carry.

METHOD
Experimental Variables

The following variables, along with the levels listed, were examined:
A. Weapon Caay .
1. High port
2. British alert with sling
3. Underarm
4. British alert without sling
B. Firing Distance
1. 10 :neters
2. 25 meters
3. 50 meters
4. 75 meters
The data wera analyzed using a Lindquist treatments-by-subjects design. Two
analyses were condiicted with variables A and B as within-subjects factors. The criteria or
performance measures used for these analyses were the number of trigger pulls and the
time, in seconds, required to obtain the first hit.

Subjects

A total ¢f 60 men participated in this phase of the test which was conducted over a
two-day period at Fort Benning. They were a crosssection of Noncommissioned Officer
Candidates.

Apparatus

One firing lane was used with four targets placed in front of the firer at ranges of
10, 26, 60, and 756 meters. Each target was equippegwith & microswitch which started a
clock when the target appeared and stopped it when the target was hit. All firii.g was
conducted in the seriiautomatic mode with the M16A1 rifle.
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Procedure

All men were given range oricntation, a safety briefing, and practice firing. Before
each trial, the firers were instructed on what technique to employ while carrying the
weapon, either the modified British alert position (with or without sling), the position of
high port, or the underarm carry.

At the beginning of each move-out phase for each of the carrying positions, the firer
was provided with one magazine containing eight rounds. The man loaded his weapon
and advanced approximately five meters. When the firer reached a predetermined point,
one of four targets appcared and the firer engaged tie target as rapidly as he could
identify it, using his assigned firing techrigue. The firer had instructions to continue
engaging the target until a hit was recorded and the target disappeared or until his
ammunition had been expended. All four targets and weapon carries were used during the
praclice firing. For the record firing, the order in which the subjects used the various
weapon carries was counterbalanced and target range was adrainistered in random
sequence.

A scorekeeper followed the subject down the firing izne and recorded the number of
trigger pulls required to hit the target, and the contro! tower operator who ruised the
appropriate targets recorded the time to first hit from a timing device in the tower.

RESULTS

Target distance was the only significant (p<.01 for both analyses) variable obtained
for either the analysis of the numbet of trigger pulls required for a hit or the amount of
time required to obtain the first hit. In general, the number of trigger pulls and the
amcunt of time required for a hit increased with increasing target distance. The analysis
of variznce summaries are presented in Table 21-1.

DISCUSSION

Since this study did not replicate or confirm Lhe results of Subexperiment 11B, the
conclusions drawn from the previous test should be regarded with extreme caution. The
significant differences obtained with Subexperiment 11B probably should be considered
chance occurrences and the results of the present test should be regarded as the most
reliable since a larger number of men participated (N=60 vs. N=24).

Tsble 211

Effects of Different Methods of Weapon Larry on
Trigger I"ulls and Time to First Hit: Analyses of Varjance

Trigger #'ulls Time
Source — —
df J MS j F ] p df MS Il F r P
Carry (A} 3 0.42 1.83 NS 3 2.33 2.24 NS
Distance (8} 3 9.76 51.37 <01 3 145.91 155.22 <01
AB g 0.26 1.04 NS 9 1.06 1.12 NS
Error {A) 177 0.23 177 1.04
Error {B) 177 0.19 177 0.94
Ercor (AB) 531 0.24 531 0.95
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